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Abstract 
 
Low levels of fitness are associated with increased body mass index (BMI), both of 
which are related to quality of life (QoL) and the occurrence and severity of asthma. 
Therefore, the purpose of this thesis was to co-develop and implement a six-month 
high-intensity interval training (HIIT) intervention targeting aerobic fitness, BMI and 
QoL improvements in adolescents with asthma.  
Six-hundred and sixteen adolescents (13.0±1.1years; 155 asthma; 85% mild asthma 
as defined by medication-step) participated in the study, with 223 enrolled in the 
school based HIIT intervention (50 asthma), consisting of 10-30second bouts at 
>90%age-predicted maximum heart-rate with equal rest, 3x30minutes/week. 
Formative group interviews to elicit the views of adolescents with and without 
asthma on asthma and exercise were used to inform the design of the intervention. 
Anthropometrics, aerobic fitness, lung function and QoL were measured at baseline, 
mid-point and post-intervention to evaluate the intervention’s impact; follow-up 
measures were also taken to evaluate sustainability. 
Focus groups revealed participants with asthma had a fear of asthma attack through 
exercise, although fear did not act as a barrier, and that the intervention should be 
varied to circumvent activity-specific anxieties. Participants with asthma were found 
to have higher BMI and lower physical activity in comparison to their peers, but no 
difference in cardiorespiratory fitness. The intervention elicited significant 
improvements in peak cardiorespiratory fitness, irrespective of asthma, while 
maintaining BMI which increased in the controls; no changes were observed in the 
sub-maximal exercise parameters, QoL or lung function.  
The present findings suggest that HIIT may be effective at increasing peak 
cardiorespiratory fitness and preventing increases in BMI in adolescents, irrespective 
of asthma status. Overall, the series of studies show that asthma does not 
deleteriously influence maximal and sub-maximal aerobic fitness, or trainability in 
adolescents, and that HIIT is a safe exercise modality for adolescents with asthma.  
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CHAPTER 1 
INTRODUCTION 
2 
 
Chapter 1: Introduction 
Asthma was first defined by Salter in 1860 who characterised the condition as 
“Paroxysmal dyspnoea of a peculiar character with intervals of healthy respiration 
between attacks”. More recently, the Global Initiative for Asthma (GINA, Global 
Initiative for Asthma, 2017) defined asthma as: “a heterogeneous disease, usually 
characterised by chronic airway inflammation. It is defined by the history of 
respiratory symptoms such as wheeze, shortness of breath, chest tightness and cough 
that vary over time and in intensity, together with variable expiratory airflow 
limitation”. However, as asthma is heterogeneous, there is no gold standard 
definition and the diagnosis is a clinical one. In the UK, asthma affects 1 in 12 adults 
and, with one of the highest prevalence rates in the world, 1 in 11 children suffer 
from the condition (Asthma UK, 2017). Asthma is associated with a significant 
patient burden, affecting people throughout their lifetime and has a significant 
economic impact. Indeed, the cost of asthma is estimated to be over £1.1 billion in 
the UK, with the majority spent on primary care (74%), of which 81% is due to 
community prescribing (Mukherjee et al., 2016). With no current cure, there is a 
need to find cost-effective ways to reduce symptoms, improve asthma control and 
quality of life and reduce the economic burden of asthma. 
There are many triggers for asthma such as pets, dust or pollen (Asthma UK, 2018). 
Triggers vary between individuals who may also have more than one trigger; a major 
trigger for many is exercise, known as Exercise Induced Bronchoconstriction (EIB) 
and defined as airway narrowing or obstruction associated with exercise (Lu et al., 
2016). The prevalence of EIB in children is debated but has been variously reported 
at between 40-90% (Wanrooij et al., 2014) and is usually manifest during, or shortly 
after, exercise. Consequently, some children fear exercise due to the associated 
asthma symptoms (Rudell et al., 2012), leading to exercise avoidance (Ram et al., 
2005). Furthermore, the perception of normal indicators of physical exertion as 
symptoms of asthma is a common misconception (Rietveld et al., 2010, Williams et 
al., 2010), which, when exacerbated by a lack of fitness (McNarry et al., 2014a), 
leads to a greater manifestation of the apparent symptoms of asthma, resulting in 
further avoidance of exercise and a vicious negative cycle. 
3 
 
Exercise is associated with extensive and well-recognised benefits in healthy 
populations (Petersen & Pedersen, 2005), with further health benefits for those with 
asthma such as reduced severity and increased control (Andrade et al., 2014, van 
Veldhoven et al., 2001). Despite some children with asthma recognising that regular 
exercise is associated with improved control of their asthma and enhanced physical 
self-perceptions (Chiang et al., 2006), exercise is underutilised as a treatment for 
improved quality of life and asthma control. Previous research has shown that 
exercise interventions that elicit improvements in body composition and 
cardiorespiratory fitness are also associated with improved asthma symptoms 
(Carson et al., 2013, Eichenberger et al., 2013). Such improvements in asthma 
symptoms may be due to the increased cardiorespiratory fitness leading to a reduced 
ventilatory requirement for exercise (Milgrom & Taussig, 1999, Wanrooij et al., 
2014). Furthermore, given that low physical activity has been associated with poor 
asthma control (Dogra et al., 2011), it has been suggested that such improvements to 
asthma are possibly related to higher physical activity levels induced via such an 
intervention (Carson et al., 2013, Eichenberger et al., 2013). 
There is currently no consensus in the literature as to whether children and 
adolescents with asthma participate in as much physical activity as their healthy 
peers (Berntsen, 2011, Welsh et al., 2004). Previous estimations of physical activity 
have largely relied on self-reports which are poorly correlated with objective 
measures of physical activity (Tsai et al., 2012). Furthermore, current evidence 
regarding the fitness levels of those with asthma is equivocal, with some studies 
finding those with asthma to have poorer fitness (McNarry et al., 2014a, Vahlkvist & 
Pedersen, 2009, Villa et al., 2011), whilst others show no difference between those 
with asthma and their healthy peers (Berntsen et al., 2009, Pianosi & Davis, 2004, 
Santuz et al., 1997). These discrepancies between studies may partially be due to 
estimations from field-based measures which are subject to significant inaccuracies 
dependent on self-motivation and peer influence (Cairney et al., 2008). Moreover, 
even in studies which have utilised peak oxygen uptake (V̇O2) as a measure of 
aerobic fitness,  may be limited as the applicability of this measure to functional 
capacity during activities of daily living has been questioned (Jones, 2006, Matos & 
Winsley, 2007). Indeed, there is a lack of information regarding the influence of 
4 
 
asthma on the other parameters of aerobic fitness, such as the gas exchange threshold 
(GET) and mean response time (MRT).  
 
Q̇CO2 = Carbon dioxide production; Q̇O2 = Oxygen delivery; V̇CO2 = Carbon 
dioxide output; V̇O2 = Oxygen uptake. 
Figure 1.1. Schematic showing the pathway of oxygen from the atmosphere to its 
site of utilisation within the muscle mitochondria and the numerous areas which may 
cause derangements in oxygen delivery. Redrawn from Wasserman et al. (1994). 
Importantly, whilst previous research has assessed the peak V̇O2 of adolescents with 
asthma (Ahmaidi et al., 1993, Counil et al., 2003), studies which have found 
differences (Vahlkvist & Pedersen, 2009, Villa et al., 2011), have not sought to 
evaluate where derangements may occur. It is well known that with exercise comes a 
coordinated function of the lungs, heart and muscles to support the increase in 
demand for O2. Air is drawn in through the lungs via the airways (V̇O2), it is here O2 
diffuses through the alveolar membrane into the blood, where it is absorbed by the 
haemoglobin. The cardiovascular system then delivers the oxygen to the muscles. 
Whilst the description is very simplistic and depicted by Wasserman’s gears in 
Figure 1.1, it is easy to see that derangements in one or more of the systems can 
account for problems with O2 delivery or utilisation.  
Oxygen uptake kinetics, which reflect the dynamic response to an instantaneous 
change in the metabolic demand (Grassi et al., 1996, Krustrup et al., 2009), may 
arguably be the best way to measure derangements in the V̇O2 pathway. It is known 
that almost all diseases which affect at least one of the systems highlighted in 
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Wasserman gears (Figure 1.1) inherently slow the V̇O2 kinetic response. This thesis, 
therefore aims to measure, in addition to V̇O2 kinetics, heart rate kinetics (assessing 
O2 delivery) and deoxyhaemoglobin [HHb] kinetics (assessing O2 utilisation at the 
mitochondria) to better evaluate the derangements, if any, in the O2 pathway caused 
by asthma. It is hypothesised that asthma, a respiratory disease, will slow the V̇O2 
kinetics due to an impairment in ventilation and gas exchange (O2 delivery), and will 
not affect the O2 utilisation. Therefore, measures of large airway obstruction (Forced 
Expiratory Volume in one second (FEV1), forced vital capacity (FVC), FEV1/FVC) 
estimated small airway obstruction (Forced Expiratory Flow between 25-75% of 
vital capacity) and airway inflammation (Fractional exhaled nitric oxide) will also be 
evaluated.  
Conventionally, studies seeking to enhance the aerobic fitness of those with asthma 
have focussed on moderate-intensity, continuous exercise training. However, this 
form of exercise is often considered monotonous, which is synonymous with poor 
adherence (McNarry et al., 2015b) and is time consuming. Furthermore, continuous 
exercise has been suggested to provoke asthma attacks (Sidiropoulou et al., 2007). 
Conversely, it has been suggested that intermittent exercise may not provoke asthma 
and might aid in improving adolescents’ tolerance of exercise, increasing endurance 
(Del Giacco et al., 2015). This highlights the potential utility of high-intensity 
interval training (HIIT), which is suggested to be a time-efficient method of exercise 
that can elicit significant improvements in both cardiorespiratory fitness and body 
composition in children  (Costigan et al., 2015, Eddolls et al., 2017). This potential 
to improve body composition and Body Mass Index (BMI) through HIIT (Racil et 
al., 2016, Tjonna et al., 2009) is especially pertinent to those with asthma in which a 
greater prevalence of overweight and obesity has been reported relative to their age-
matched peers (McNarry et al., 2014a, Vahlkvist et al., 2010). Indeed, such 
observations have led to suggestions of a new asthma phenotype associated with 
obesity (Wenzel, 2012).  
Despite the positive findings for HIIT, it is pertinent to note the potential safety 
considerations. Previously HIIT was considered unsafe for non-athlete populations 
due to risk of injury (MacDonald & Currie, 2009). Although the use of HIIT is 
limited in asthma populations, participants were found to tolerate the exercise well 
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(Counil et al., 2003, Latorre-Roman et al., 2014). The intermittent nature of HIIT 
may also facilitate a decrease in end expiratory lung volume during the resting phase 
(Beauchamp et al., 2010), reducing the risk of an asthma attack. However, despite 
widespread interest in HIIT, little is known about the effect of HIIT in children or 
adolescents, specifically short aerobic interval training, and particularly its 
interaction with asthma.  
An intervention in children and adolescents is ideally located within the school 
setting as it is where they spend majority of their waking hours (Kriemler et al., 
2011). Indeed, school based physical activity interventions have been found to lead 
to increases in overall physical activity and positive effects on aerobic fitness 
(Kriemler et al., 2011, van Sluijs et al., 2007). Moreover, the use of a school setting 
for the intervention provides an opportunity to reach the asthma population without 
having to stigmatise or discriminate (Kriemler et al., 2011). Therefore, the aim of 
this thesis is to assess differences between adolescents with and without asthma 
(Study 2), design (Study 1), implement and evaluate a school based HIIT 
intervention (Study 3 & 4) in adolescents with asthma.  
1.1 Thesis structure  
This thesis contains seven chapters with the central theme addressing the influence 
of high-intensity interval training (HIIT) on adolescents with asthma. Chapter 1 
outlines the initial introduction detailing the justification for the aims of this thesis. 
Previous literature is reviewed and summarised in Chapter 2. The topics addressed in 
the literature review include asthma and its associations with obesity, physical 
activity and fitness. Previously utilised exercise interventions are also discussed to 
aid in the formation of a school-based HIIT intervention. Further discussion around 
measures of fitness is also reviewed for the inclusion of more intricate measures of 
cardiorespiratory fitness in this thesis. Chapter 3 outlines the general methods of the 
studies. Four experimental chapters are presented within Chapters 4 to 7 with their 
aims outlined below. Finally, a synthesis of the four studies discussing the main 
findings is given within Chapter 8.  
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Experimental study aims: 
Chapter 4 To elicit the views of adolescents, with and without asthma, about 
exercise and asthma, and the perceived benefits of, and barriers to, 
participation 
To inform the design of a future high-intensity interval training 
exercise intervention to improve asthma control 
Chapter 5 To investigate the influence of asthma on the submaximal and 
maximal parameters of cardiorespiratory fitness in adolescents 
To elucidate the potential relationship between cardiorespiratory 
fitness, physical activity, body mass and asthma 
Chapter 6 To investigate the effectiveness of an inclusive field-based six-month 
HIIT intervention on aerobic fitness, BMI, lung function and quality 
of life in adolescents with asthma 
Chapter 7 To investigate the influence of asthma and HIIT, and their interaction, 
on the dynamic V̇O2 response in adolescents 
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Thesis study map  
 
Throughout the thesis, this study map will reiterate the aims of each experimental 
chapter and the key findings for future chapters 
 
 
Study 1 
Perceptions of asthma and 
exercise
Study 2
Asthma, Body 
mass, fitness
Study 3
HIIT intervention 
effect on asthma
Study 4
V̇O2 kinetics, 
asthma, HIIT
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Chapter 2: Literature Review 
2.1 Introduction 
Asthma has been found to be influenced and potentially caused by lack of physical 
activity and obesity (Chen et al., 2013, Papoutsakis et al., 2013). Due to the high cost 
of asthma there is a need to reduce severity and symptoms of the condition through a 
non-pharmacological method (Chakir et al., 2002, Holgate, 2011, Sumi & Hamid, 
2007). One such suggested additional therapy is exercise training, which has been 
found to be beneficial in child asthma management (Carroll & Sly, 1999), however, 
it has not been extensively studied (Chandratilleke et al., 2012) and, therefore, there 
is a need to explore further. Previously, studies have utilised moderate-intensity 
continuous training with some success, however such protocols may cause higher 
risk for participants with asthma due to the onset of exercise induced 
bronchoconstriction (Del Giacco et al., 2015).  
The topics of asthma, obesity, physical activity and fitness are largely beyond the 
scope of this thesis and therefore are not reviewed in detail but are set in wider 
context. The purpose of this literature review is to assess and evaluate the influence 
of asthma on obesity, physical activity and cardiorespiratory fitness.  
Literature was acquired using PubMed, CINAHL and the Cochrane library; 
databases were searched from inception to May 2018. The four main search terms 
were asthma AND child AND exercise AND intervention. A mix of title, abstract 
and main body text searches were used. Non-indexed randomised controlled trials 
were also retrieved using hand searching from those selected papers’ reference lists.  
2.2 Asthma 
The severity of asthma can be classified as intermittent or persistent (mild, moderate 
or severe), which takes into consideration the presence of diurnal and nocturnal 
symptoms, frequency of exacerbation, necessity of medication, pulmonary function 
and physical activity limitation (Global Initiative for Asthma, 2017). However, as 
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asthma is a heterogeneous condition, there is no gold standard definition and no 
specific single diagnostic test and, therefore, the clinical history along with 
corroborating tests are required to confirm the diagnosis and determine the potential 
response to medication (British Thoracic Society, 2016). Indeed, the diagnosis of 
asthma often also relies on symptoms which are not specific to asthma and therefore 
overlap with other conditions; for asthma, an objective confirmation of reversible 
airways obstruction is required, usually by assessing bronchodilator response or 
bronchial hyperresponsiveness (Taylor et al., 2008).  
Asthma represents a significant burden for patients, their families, healthcare 
systems and the economy (Akinbami et al., 2012, Doz et al., 2013). There is 
currently no cure for asthma and it is associated with over 1000 deaths per year in 
the UK, roughly 2% children (Mukherjee et al., 2016), 46% of which could be 
avoidable if the appropriate asthma management guidelines were followed. This 
highlights the need to find cost-effective ways to reduce symptoms and improve 
asthma control.  
The primary aim of asthma treatment is to achieve and maintain control, reduce 
future risks and, essentially, enable that person to lead a life without restriction 
(Bacharier et al., 2008, Global Initiative for Asthma, 2017, Reddel et al., 2009). The 
British Thoracic Society define complete control as no daytime symptoms, no night-
time awakening, no need for rescue medication, no asthma attacks, no limitations on 
activity including exercise, normal lung function and minimal side effects from 
medication (British Thoracic Society, 2016). Asthma management should be 
adjusted in a continuous cycle, with regular control assessments in order to gain and 
maintain asthma control, with little or no impairment to the person. Fundamental to 
this process is the identification of the lowest step of medication, minimising costs 
and possible side-effects (Global Initiative for Asthma, 2017). However, despite the 
plethora of effective medications, many children and adolescents still do not have 
adequately controlled asthma (Fuhlbrigge et al., 2006, Gustafsson et al., 2006), most 
likely due to non-adherence to their prescribed medication (Vrijens et al., 2012). 
Indeed, it was found that only 1 in 20 children with asthma in Western Europe met 
the criteria outlined by GINA for asthma control (Rabe et al., 2000). A lack of 
asthma control has knock on effects for quality of life and daily physical activity, 
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causing an increased burden on family and society (Pijnenburg et al., 2015). 
Furthermore, as recognised by many experts in the field, treatment options for 
asthma, namely bronchodilators, anti-inflammatories and biologics in selected 
patients are relatively limited and therefore there is a need for other therapies, 
including non-pharmacological treatments, to aid in management (Chakir et al., 
2002, Holgate, 2011, Sumi & Hamid, 2007).  
2.3 Asthma phenotypes and triggers 
As asthma varies throughout life, and especially during childhood, a key research 
focus is the identification of asthma phenotypes (recognisable clusters of 
demographic, pathological or clinical characteristics, Bousquet et al., 2011, Spycher 
et al., 2010, Wenzel, 2012) or endotypes (specific characteristics that explain the 
observable properties of a phenotype, Lotvall et al., 2011) for more individually 
targeted management or personalised medicine. Some phenotype-guided treatments 
are available for those with more severe asthma, however, treatment responses or 
clinical patterns show no strong relationship with specific pathological features 
(Anderson, 2008). Therefore, more research is required on asthma phenotyping to 
understand different treatments and the clinical utility of phenotypic classifications 
in asthma (Global Initiative for Asthma, 2017). Phenotypes have been described 
previously based upon the time of first wheeze, presence of allergic sensitisation, 
eosinophilic or non-eosinophilic inflammation (Saglani & Bush, 2008), response to 
treatment (Szefler et al., 2002, Szefler et al., 2005), asthma severity (Brasier et al., 
2010) and allergic comorbidities. Some of the most commonly recognised 
phenotypes include: Allergic asthma, non-allergic asthma, late-onset asthma, asthma 
with fixed airflow limitation, asthma with obesity (Global Initiative for Asthma, 
2017), or virus-induced, allergen-induced, exercise-induced or obesity-related 
asthma (Riner & Sellhorst, 2013). 
Physical activity is associated with increased exposure to environmental factors due 
to increased ventilation, especially in cold air, chlorinated swimming pools, in 
seasons with high levels of allergens or in polluted areas (Carlsen et al., 2011, Del 
Giacco et al., 2012). Furthermore, water loss and cooling of airways through 
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increased ventilation during physical activity may cause increased airway resistance 
in addition to immune responses (Del Giacco et al., 2012), which may aggravate 
asthma and asthma symptoms (Carlsen et al., 2011, Del Giacco et al., 2012). 
Increased eosinophilic airway inflammation, indicated by levels of exhaled nitric 
oxide, have been reported in association with time spent in vigorous physical activity 
in non-asthma adolescents (Sachs-Olsen et al., 2013), along with the newly reported 
sports asthma phenotype (Couto et al., 2015), suggesting endurance exercise may be 
a possible risk factor for asthma.  
Exercise is one of the major triggers for asthma symptoms and can lead to exercise-
induced bronchoconstriction (EIB). The manifestation of EIB is characterised by 
shortness of breath which results from a reversible narrowing of the airways 
(Basaran et al., 2006, Grzelewski & Stelmach, 2009, van Leeuwen et al., 2011). The 
American Thoracic Society guidelines define EIB as a drop of >10% in Forced 
Expiratory Volume in one second (FEV1) post exercise (Ross, 2003). Exercise 
induced bronchoconstriction is common in adolescents with asthma and the 
occurrence of symptoms has been found to prevent practice of physical activity, 
especially in those with more severe asthma (Lang et al., 2004). The mechanisms of 
EIB in asthma remain unclear, but it is likely to be caused by an increase in 
ventilatory rate and concomitant drying and cooling of the airways which can trigger 
a pro-inflammatory response (Weiler et al., 2007).  
The characteristics of the asthma obese phenotype include high medication use, high 
admission rates to hospital for asthma-related problems and a decreased quality of 
life (Holguin et al., 2011, Novosad et al., 2013, Taylor et al., 2008). A previous 
cluster analysis has suggested that obese asthma is a distinct phenotype and it is not 
only characterised by poor asthma control but also that it is predominant in females 
and has an absence of eosinophilic airway inflammation (Haldar et al., 2008). In 
addition, the obese asthma phenotype has also been suggested to be dominant among 
children (Lang et al., 2011, Papoutsakis et al., 2013). It has been shown that 
overweight and obese asthma sufferers are more likely to report exercise as a trigger 
than their normal weight peers (Wright et al., 2010). When looking specifically at 
children with no history of asthma it was found that obesity may contribute to an 
increased frequency of EIB (Ulger et al., 2006) or higher levels of bronchospasm 
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post exercise testing (Haas et al., 1987, Kaplan & Montana, 1993). In addition to 
increased frequency, obese children with asthma had increased severity of EIB in 
comparison to their normal weight asthma peers (Baek et al., 2011, Lopes et al., 
2009). Moreover, in a dietary weight loss study, children who were overweight or 
obese with asthma were found to have reductions in severity of EIB, represented by 
a reduced fall in FEV1 (30% vs. 21%, P < 0.05) and improvements in quality of life 
(4%, van Leeuwen et al., 2014). The use of weight loss interventions, possibly 
through physical activity, may aid in alleviating asthma symptoms in children and 
adolescents.  
2.4 Asthma medication 
Pharmacological management of asthma aids in the maintenance of control of the 
disease. Usually on first diagnosis of asthma, patients are prescribed a short acting 
bronchodilator to aid in the relieving the symptoms (British Thoracic Society, 2016). 
For mild asthma or infrequent wheeze, the occasional use of reliever therapy may 
indeed be the only treatment required. There are numerous short-acting 
bronchodilators, but the most commonly prescribed is the short-acting β2 agonists 
(SABA) as they work more rapidly than the alternatives and with fewer side effects 
(WHO, 2018). Little or no requirement for use of a SABA inhaler is associated with 
good asthma control; in contrast, if the patient is non-adherent, not using SABA may 
result in poor control. In the case of using SABA more than 3 times per week or 
waking due to asthma symptoms during the night, a preventer treatment is 
considered. To prevent the symptoms of asthma from occurring the most common 
form of preventer treatment is inhaled corticosteroids (ICS) as they are the most 
effective in both adults and children for reducing inflammation and thus achieving 
overall treatment goals (Scottish Intercollegiate Guidelines Network, 2014, Teper et 
al., 2004). With mild asthma or good control of the disease, using ICS can be 
recommended once a day but it is more commonly used twice daily (WHO, 2018). 
On occasion, asthma patients may not have their condition under control using ICS 
and therefore add-on therapies are suggested prior to increasing ICS above a low 
dose (200-1000 and 400 micrograms in adults and children, respectively; Scottish 
Intercollegiate Guidelines Network, 2014).  Long-acting β2 agonists (LABA) can be 
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used in addition to ICS and are the first choice for add-on therapy to increase lung 
function and decrease asthma attacks in adolescents (Scottish Intercollegiate 
Guidelines Network, 2014).  
Short-acting bronchodilators with or without LABA and Leukotriene Receptor 
Antagonists (LTRAs) are the most common treatment for EIB, but non-
pharmacological strategies such as warming up adequately or increasing fitness have 
also been reported to be effective (Minic & Sovtic, 2017). The use of asthma 
medication should control exercise induced symptoms and allow those with asthma 
to participate in habitual physical activity and exercise (Minic & Sovtic, 2017). 
Indeed, for most asthma sufferers, EIB is associated with poorly-controlled asthma 
and their medication should therefore be reviewed (British Thoracic Society, 2016). 
Furthermore, it has been suggested that 75-80% of people with asthma who 
participate in exercise without anti-inflammatory medication may experience an 
asthma attack (Crimi et al., 1996). However, as long as a bronchodilator is 
administered 15-30 minutes prior, exercise for people with EIB is considered safe 
(Parsons et al., 2013). It is important to note that education is needed, since the 
majority of those with asthma are not aware that medication should be taken prior to 
exercise (Walker & Reznik, 2014). 
Whilst there is speculation that SABA can improve exercise performance in non-
asthma populations, Kindermann & Meyer (2006) found no ergogenic potential of 
SABA in athletes, in a systematic review. In a more recent systematic review and 
meta-analysis, Pluim et al., (2011) showed no significant effects of inhaled β₂-
agonists on endurance, strength or sprint performance. However, there is some 
evidence, albeit weak, that systematic β₂-agonists may have a positive effect on 
performance (Pluim et al., 2011).  Whilst there is no benefit to exercise performance, 
the use of SABA and other asthma medication aid in relieving the symptoms of 
asthma which may effectively “normalise” those with asthma. 
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2.5 Quality of life and asthma 
Quality of life is a broad, multidimensional concept which can include subjective 
evaluations of positive and negative aspects of life (The WHOQOL Group, 1998). 
Within research, quality of life is measured using three defined approaches: health-
related quality of life, social indicators and subjective well-being (Cummins et al., 
2004, Diener & Suh, 1997, Michalos, 2004). The most commonly used within 
clinical health research is health-related quality of life (Wallander & Koot, 2016). 
Health-related quality of life specifically measures a person’s subjective perception 
of their own health, disease and disability (De Civita, 2005).  
The central target for health interventions is to improve quality of life (Ravens-
Sieberer et al., 2014) and when implementing an intervention or a treatment to 
benefit a person’s health, their quality of life should improve, or at the very least not 
cause it to reduce (Testa & Simonson, 1996). There has been a decline in quality of 
life in adolescents over the last decade (Cui & Zack, 2013) and therefore there is a 
need to measure and target quality of life during interventions.  
Cardiorespiratory fitness and body mass index (BMI) have previous been shown as 
predictors of health-related quality of life, with a higher fitness associated with 
higher quality of life (Andersen et al., 2017, Morales et al., 2013, Sloan et al., 2009) 
and a higher BMI related to a poorer quality of life (Swallen et al., 2005, Williams et 
al., 2005). Therefore, these measures should be targeted in future interventions 
aimed at improving a population’s quality of life.  
In asthma studies, measures such as forced expiratory volume in one second, peak 
expiratory flow and symptoms can be used to assess asthma control, and, in the past, 
these were thought to provide insight into a person’s well-being (quality of life, 
Juniper et al., 2004). Whilst this is certainly true for those with more severe asthma, 
research has shown that quality of life is a distinct component of asthma and does 
not correlate with asthma control (Juniper et al., 2004). In addition to health-related 
quality of life, asthma related quality of life can also be measured and refers to the 
subjective impact of asthma on a person’s quality of life. The use of asthma related 
quality of life to describe how asthma impacts a person’s daily life is now often used 
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as an outcome measure (Juniper, 1997). In addition to the measures in health-related 
quality of life, asthma related quality of life measures physical, emotional 
occupational and social aspects of how asthma can impact a person’s life (Juniper et 
al., 2010).  
Previously when compared to their healthy peers, participants with asthma were 
reported to have a lower quality of life (Merkallio et al., 2005, Molzon et al., 2013). 
However, this may be due to the participants having poorly controlled asthma which 
may serve to reduce quality of life over and above the effects of asthma per se 
(Sundbom et al., 2016). One potential way of increasing the quality of life in 
participants with asthma may be to implement an exercise intervention. Previously, 
exercise interventions have been found to significantly improve asthma related 
quality of life (Fanelli et al., 2007, Goncalves et al., 2008, Mendes et al., 2010, 
Turner et al., 2010), however not in all studies (Moreira et al., 2008). Specifically, 
Moreira et al. (2008) found no increase, but there were no decreases reported by any 
study in asthma related quality of life, supporting the use of exercise interventions. 
Furthermore, the high baseline levels of quality of life in the Moreira et al. (2008) 
could have removed the ability and/or need for an increase.   
2.6 Obesity and asthma  
Obesity is defined by the World Health Organisation (WHO) as “abnormal or 
excessive fat accumulation that may impair health” (WHO, 2018a). Body mass index 
(BMI) is the easiest and most common way of determining obesity as body mass is 
proportional to the square root of body height. Body mass index is also the most 
useful measure of overweight and obesity at the population-level as it is the same for 
both sexes, although caution should be taken as it may not correspond to the same 
level of fatness in different people (Wang, 2004). Indeed, factors such as age, sex 
and ethnicity may influence the relationship between BMI and body fat. 
Furthermore, BMI cannot distinguish between excess fat, muscle or bone mass 
which can influence the interpretation, for example, women have greater fat mass 
than men with the same BMI and older adults tend to have higher fat mass in 
comparison to younger adults with the same BMI. Overweight is classified as having 
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a BMI greater than or equal to 25 kg·m-2, with obesity 30 kg·m-2 or over. In children 
and adolescents between 5 and 19 years, overweight is defined as BMI-for-age 
greater than 1 standard deviation above the WHO Growth Reference median, with 
obesity being greater than 2 standard deviations. According to the Centres for 
Disease Control and Prevention (2009), if a child or adolescent is shown to be obese 
there is a 99% chance they are, however those in the overweight category can be 
misrepresented by increased fat free mass. However, BMI is a good indicator of 
body fat, but should be used more as an estimate as it does not directly measure body 
fat. BMI can be used in research to track weight status and as a screening tool for 
potential weight problems (Centres for Disease Control and Prevention, 2009).  
Obesity has nearly tripled between 1975 and 2016 worldwide with overweight and 
obesity the fifth leading risk for global deaths (European Association for the Study 
of Obesity, 2018), surpassing deaths caused by people being underweight (WHO, 
2018a). Approximately 1.9 billion adults worldwide are classified as overweight, of 
which over 650 million were classified as obese (WHO, 2018a). There are also over 
340 million children and adolescents aged 5-19 years who were classed as 
overweight or obese in 2016 (WHO, 2018a); nearly a third of children in the UK 
aged between 2 and 15 years are overweight or obese (Gov, 2017). The costs 
associated with the increase in overweight and obesity-related illness meant the NHS 
spent £5.1 billion in 2014/15 (Gov, 2017).  
Obesity is linked with many serious physiological health complications, such as 
heart disease and diabetes (WHO, 2018a), as well as mental health conditions such 
as depression (Luppino et al., 2010). In more recent years obesity has been suggested 
to be a risk factor for the development of asthma. Indeed, the increase in obesity 
prevalence has been accompanied by a similar increase in asthma (Delgado et al., 
2008, Townsend et al., 2013). Moreover, the prevalence of asthma is also greater in 
the obese population (Forte et al., 2013), leading to speculation that there may be a 
direct relationship between the two (Mannino et al., 2002).  
There is, however, a disagreement in the cause of this relationship and the degree 
and direction of the association between obesity and asthma (Leinaar et al., 2016). It 
has been suggested that increased fat mass may cause both mechanical and 
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systematic inflammatory changes which can influence breathing mechanisms and 
airway inflammation (Jensen et al., 2011, Lucas & Platts-Mills, 2006, Willeboordse 
et al., 2016). Indeed, obesity may affect lung function in a variety of different ways 
(Ford, 2005, Sutherland et al., 2008), including a reduction in residual volume, 
functional residual capacity and expiratory reserve volume. Furthermore, although 
obesity does not influence the FEV1/forced vital capacity (FVC) ratio (which when 
reduced, indicates the airway obstruction associated with asthma), it has been shown 
to reduce both FEV1 and FVC (Lessard et al., 2008). The reduction in FEV1 and 
FVC may be due to markedly increased gastric and oesophageal pressure which 
increases the work of breathing (Steier et al., 2014).  It is worth noting, however, that 
not all studies found an influence of obesity on lung function in adults with asthma 
(Ghabashi & Iqbal, 2006), but this may be due to the lack of age and sex matched 
controls. 
The mechanisms responsible for both asthma and obesity are heterogeneous due to 
the complex nature of the conditions (Lang et al., 2004). The direction of causality 
between asthma and obesity remains unclear, but it has been postulated that the 
manifestations and treatments of asthma (corticosteroids) may increase the risk of 
obesity (Savas et al., 2017). Longitudinal studies, however, have demonstrated that 
obesity significantly increases the risk of future diagnosis of asthma (Camargo et al., 
1999). Obesity is linked to an array of diseases and this could therefore require 
increased GP visits which may lead to a diagnosis of asthma, which may have gone 
undiagnosed. Although, reduction in body mass may aid in the treatment and control 
of asthma (Jensen et al., 2013, van Leeuwen et al., 2014), and there is therefore a 
need to reduce obesity in order to manage asthma related issues in children and 
adolescents. 
Obesity has been found to reduce asthma control (Barros et al., 2011, Saint-Pierre et 
al., 2006) and can lead to a more difficult to control phenotype (Beuther et al., 2006). 
It could be postulated that this lack of control may be due to obese individuals with 
asthma tending to have more severe asthma which does not respond well to 
treatment (Dixon et al., 2010). Furthermore, increases in body weight have been 
found to impair drug therapy; inhaled corticosteroids have a reduced effect with 
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higher body mass in both children and adults, requiring an increased dosage (Boulet 
& Franssen, 2007, Camargo et al., 1999, Forno et al., 2011, Peters-Golden et al., 
2006). Indeed, adults with increased weight had reduced treatment efficacy and this 
was associated with worse asthma control and quality of life (Lavoie et al., 2006). 
Moreover, obese patients with higher doses of medication were found to receive 
emergency treatment for acute asthma attacks more often than their normal weight 
peers (Rodrigo & Plaza, 2007). Therefore, a reduction in BMI may not only aid in 
reducing further treatment burden and costs but also the beneficial effect of the 
medication. 
Not only is obesity associated with an increased risk of asthma, there is also an 
association with increased disease severity and increased use of health care resources 
(Belamarich et al., 2000). Previously, dietary weight loss in overweight and obese 
children with asthma was found to result in reductions in severity of EIB along with 
improvements in quality of life and lung function (Dixon et al., 1999, van Leeuwen 
et al., 2014). Specifically, in obese children with asthma, weight-loss alone (with no 
exercise component) interventions showed improvements in lung function, 
inflammatory biomarkers and EIB (Jensen et al., 2013, van Leeuwen et al., 2014). 
Reducing obesity is not only a potential benefit for reducing asthma symptoms, but 
will aid in saving lives as obesity doubles the risk of dying prematurely (Franks et 
al., 2010). Exercise can be an effective means of improving body composition in 
young obese individuals (Lau et al., 2015), with improvements in body mass and 
body fat percentage (Racil et al., 2016, Tjonna et al., 2009). Indeed, increasing the 
energy expenditure may aid in combating the energy intake, as previously those who 
tried to restrict their diet in a study were more successful in increasing the physical 
activity (DeLany et al., 2014); possibly due to committing to the intervention and 
adherence to both targets. In summary, weight loss appears to be an effective 
treatment for the obese asthma phenotype, however studies to date have been limited 
and mechanisms remain to be fully elucidated. Therefore there is a need to combat 
obesity in order to aid in reducing asthma and asthma symptoms through a non-
pharmacological treatment.  
As the fundamental cause of obesity and overweight is an energy imbalance between 
calories consumed and calories expended, physical activity may aid in reducing BMI 
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(Walders-Abramson et al., 2009). Indeed, the association between reduced physical 
activity and obesity has been found in several studies (Belcher et al., 2015, Rauner et 
al., 2013). Not all studies concur, however, as obesity may be caused by an increase 
in energy intake and not by a decrease in physical activity (Metcalf et al., 2012). 
Obesity can lead to physical inactivity in both children and adolescents and 
sedentary children with asthma were more likely to be overweight (Trost et al., 
2001). In addition, comorbidities of asthma and obesity may also contribute to 
furthered sedentary behaviour which can lead to worse asthma symptoms (Beckett et 
al., 2001, Camargo et al., 1999). Moreover, overweight children and adolescents 
with EIB were found to have reduced time in vigorous physical activity in 
comparison to their normal weight peers (Anthracopoulos et al., 2012), further to this 
they also spent less time in lower intensity physical activity (Anthracopoulos et al., 
2012). As those with asthma who are overweight often struggle with physical 
activity, a vicious negative cycle may form whereby their energy demand will not 
outweigh their energy intake and therefore they further increase in body mass (Ford, 
2005, Guerra et al., 2002). The suggestion that asthma and obesity are comorbid 
resulting in reduced physical activity and further weight gain, suggest that increasing 
physical activity may aid in the management of both conditions (Fedele et al., 2014, 
Lawson et al., 2013). 
2.7 Physical activity and asthma 
Physical activity is defined as any bodily movement produced by the skeletal 
muscles that requires energy expenditure (Caspersen et al., 1985). Being physically 
inactive is the fourth highest risk factor in the world for all-cause mortality (WHO, 
2018b). The measurement of physical activity is derived from estimated energy 
expenditure measures of step count, accelerometer counts or heart rate (Montoye, 
2000). Physical activity may also be measured using subjective measures of 
exhaustion, observation or self-report of activities undertaken (Montoye, 2000). 
Objectively measuring physical activity often provides a more valid measure of 
physical activity, however, it is costly and cannot be used during contact or water-
sports leading to missing data, or the reliance on self-report to fill in the gaps. The 
ActiGraph GT3X+ accelerometer (ActiGraph, Pensacola, FL, USA), which can 
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record the quantity, intensity and frequency of body movement, is possibly the 
leading instrument for measuring energy expenditure (Butte et al., 2010). The 
accelerometer is worn most commonly on either the waist or the wrist and is 
typically used to continuously monitor movement across a seven day period (Rich et 
al., 2013). Physical activity intensities are defined by predetermined “cut-points” for 
objective measures, which are different for children and adults. These cut-points 
categorise by intensity, using groupings such as light, moderate or vigorous and 
reported as frequency, type and mode of activity (Montoye, 2000).  
The international physical activity recommendations for children and adolescents are 
to spend at least 60 minutes per day in moderate-to-vigorous physical activity 
(Department of Health, 2011), with NICE guidelines recommending those with 
asthma participate in equal amounts while focusing on managing their condition 
(NICE, 2018). The benefits of physical activity are numerous, including increases in 
fitness, quality of life, psychological factors and decreases in obesity (Janssen & 
Leblanc, 2010). Furthermore, there is evidence that physical activity and exercise are 
linked to academic performance (Donnelly et al., 2016). In addition to these benefits, 
there are further well documented benefits for those with asthma. Specifically, 
increased physical activity results in increased cardiorespiratory fitness which has 
been reported to be associated with improved psychological functioning in children 
with asthma (Pianosi & Davis, 2004). Physical activity can also reduce dyspnoea and 
the dose of inhaled corticosteroids, intensity of EIB and exacerbations (Basaran et 
al., 2006, Fanelli et al., 2007, Vahlkvist et al., 2010). Moreover, one study reported a 
significant albeit weak correlation (r = 0.11, P < 0.01) between low physical activity 
and the development of asthma (Rasmussen et al., 2000); in addition, young children 
with increased television screen time (increased sedentary level; > 2 hours per day) 
were twice as likely to develop asthma by late childhood as those who were limited 
to 1-2 hours of screen time (Sherriff et al., 2009).. Indeed, outlined by a meta-
analysis (Lochte et al., 2016), three cohort studies revealed that there is up to a 35% 
increased risk of new onset asthma and/or wheezing in children with low levels of 
physical activity (Sherriff et al., 2009, Islam et al., 2009 and Vogelberg et al., 2007). 
Furthermore, three cross-sectional studies showed significant positive associations 
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between low physical activity and new-onset asthma (Lang et al., 2004, Mitchell et 
al., 2013 and Priftis et al., 2007). 
There are, however, increasing numbers of adolescents who do not hit the 
recommended level of physical activity per day (Willeboordse et al., 2016). 
Specifically, studies involving healthy children have reported decreasing physical 
activity with age (Corder et al., 2013, Corder et al., 2016), with as many as 80% of 
adolescents worldwide not reaching the recommended physical activity levels 
(Hallal et al., 2012). Similarly, physical activity levels in children with asthma 
decrease with age, with this decrease more pronounced in females (Chen et al., 2001, 
Yiallouros et al., 2015). Equally, some children with asthma may get discouraged 
from physical activity by negative self-perceptions of their own athletic ability 
(Glazebrook et al., 2006, Pianosi & Davis, 2004, Tsai et al., 2012). However, the 
desire to meet socially acceptable norms may partially counter negative perceptions, 
with boys trying to downplay their asthma symptoms, although girls may in fact 
lower their expectations of physical activity (Rhee et al., 2007). Therefore, physical 
activity is not only an important part of self-management, with numerous benefits, 
for adolescents with asthma (Welsh et al., 2005), but a possibly preventative 
measure. Furthermore, there is a need to increase physical activity and maintain it 
throughout adolescents into adulthood, especially as childhood physical activity has 
been shown to influence habits of physical activity in adulthood (Blair et al., 1989, 
Dumith et al., 2011). 
There are many studies examining the effects of asthma on physical activity, 
however, there is some controversy as to whether children and adolescents with 
asthma participate in as much as their non-asthma peers (Berntsen, 2011, Welsh et 
al., 2004). Some studies showed similar levels of physical activity between children 
and adolescents with and without asthma (Berntsen et al., 2009, Eijkemans et al., 
2008, Nystad, 1997, Vahlkvist et al., 2010, van Gent et al., 2007, Welsh et al., 2004), 
but others demonstrated that those without asthma participated in significantly more 
(Glazebrook et al., 2006, Kitsantas & Zimmerman, 2000, Lang et al., 2004, Lucas & 
Platts-Mills, 2005, Sousa et al., 2014, van Veldhoven et al., 2001, Villa et al., 2011) 
with suggestions that found the difference according to asthma status may be greater 
in girls (Crosbie, 2012, Wanrooij et al., 2014, Yiallouros et al., 2015). A possible 
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reason for these discrepancies between studies may be the use of self-reported 
physical activity, which requires participants to have an understanding of what 
constitutes differing levels of physical activity. These measures are therefore less 
accurate; intensity is often over reported, and a low correlation with objective 
physical activity measurements has been demonstrated (Tsai et al., 2012). It is 
perhaps worth noting that in a recent meta-analysis based solely on objective 
recordings of physical activity, no differences were found between those with and 
without asthma (Cassim et al., 2016). The differences in physical activity between 
children and adolescents with and without asthma may therefore be due to the 
severity of the condition as there is an association between the severity of asthma 
and lower physical activity levels (Lang et al., 2004, Nystad et al., 2001, Tsai et al., 
2012, Vahlkvist et al., 2010). Indeed, previous studies have shown that when asthma 
symptoms are well controlled, there are no differences between activity levels 
between those with and without asthma (Sousa et al., 2014, Vahlkvist et al., 2010). 
Moreover, when asthma control was increased and severity reduced, physical 
activity was also shown to increase (Lang et al., 2004, Vahlkvist et al., 2010). In 
addition, although some studies report no differences between those with and 
without asthma, it has been suggested that physical activity levels in children with 
asthma may be “artificially high” as active children are more likely to be diagnosed 
with asthma (Nystad, 1997, Williams et al., 2008b); as less active children may not 
be provoking their non-diagnosed asthma symptoms. This artificially high physical 
activity level may be paired with suggestions that adolescents with undiagnosed 
asthma may avoid physical activity participation in order to avoid asthma symptoms 
(Williams et al., 2008a), which may explain the lack of difference between those 
with and without asthma. Therefore achieving good asthma control may allow those 
with asthma to perform the same amount of physical activity as their non-asthma 
peers (Sousa et al., 2014). Moreover, participating in more physical activity will aid 
in conditioning the person thereby potentially further improving asthma control. 
Physical activity is an integral part of adolescent lives, including friendship, pleasure 
and the ability for those with asthma to seek normality in front of peers (Protudjer et 
al., 2009). The discomforts of social and emotional issues of being different have 
also been reported as more unpleasant than asthma symptoms appearing during 
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physical activity (Walsh et al., 2008). However, previous research separate 
participants with asthma which may further stigmatise them instead of using an 
inclusive intervention. Although, fear of asthma symptoms and attacks may act as a 
barrier to physical activity, especially in front of peers (Rudell et al., 2012) and 
therefore children with asthma can end up avoiding it completely (Ram et al., 2005). 
This fear is unfounded as if asthma is well-controlled, through use of long-term 
controller medication, it may result in increased physical activity in comparison to 
their peers (Vahlkvist et al., 2010). Indeed, contrary to common misconceptions, no 
adverse effects were reported in three recent systematic reviews (Carson et al., 2013, 
Eichenberger et al., 2013, Wanrooij et al., 2014), indicating that physical activity is 
safe, feasible and can be recommended for children and adolescents with asthma. 
To summarise, physical activity is recommended for children with asthma 
(Chandratilleke et al., 2012, Wanrooij et al., 2014) and if their asthma is well-
controlled a physically active lifestyle is feasible (Berntsen, 2011). Due to the 
equivocal findings in adolescents with asthma physical activity, more research is 
required in objective measures of physical activity. Furthermore, perceptions of non-
asthma participants may hinder the participation in physical activity of those with 
asthma, possibly leading to a more sedentary lifestyle further reducing asthma 
control. Indeed, further research is required to assess the perceptions of both those 
with and without asthma on asthma and physical activity participation. Finally, in 
order to increase physical activity among asthma, further studies should utilise 
inclusive interventions to avoid stigmatising asthma participants.  Furthermore due 
to the aforementioned benefits of physical activity for adolescents with asthma, 
exercise, the planned, structured and repetitive form of physical activity, with the 
intention of improving or maintaining fitness, has been proposed as a means of 
increasing physical activity. 
2.8 Fitness and asthma 
Exercise has been used previously to improve health and wellbeing in many different 
populations (Anderson et al., 2016, Farina et al., 2014, Haskell et al., 2007, Janssen 
& Leblanc, 2010). Exercise is associated with extensive and well-recognised benefits 
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in healthy populations and protects against all-cause mortality, inclusive of heart 
disease, obesity and Type II diabetes mellitus (Petersen & Pedersen, 2005). 
Furthermore, there is increasing evidence that exercise and an increase in fitness can 
elicit further benefits for those with asthma (Andrade et al., 2014, van Veldhoven et 
al., 2001). Cardiorespiratory fitness is a measure of the ability of the respiratory and 
circulatory systems to supply oxygen to the muscles over a prolonged period of time 
during physical activity. Due to the derangements of the airways associated with 
asthma, low cardiorespiratory fitness could indeed play a role in worse asthma 
severity, with high fitness being shown to relate to fewer asthma symptoms (Lucas 
& Platts-Mills, 2005, Rasmussen et al., 2000, van Veldhoven et al., 2001) and low 
physical fitness associated with poor asthma control (Dogra et al., 2011). 
Furthermore increased cardiorespiratory fitness may aid in increasing exercise 
tolerance and capacity in children with asthma and therefore increase the threshold 
for inducing EIB (Milgrom & Taussig, 1999). Improvements in asthma symptoms 
could be due to the proposition that increased cardiorespiratory fitness may lead to 
an improved ventilator equivalent for a given exercise intensity below maximal 
exercise, this decrease in ventilation rate may reduce airway aggravation (Milgrom 
& Taussig, 1999, Wanrooij et al., 2014). Increased fitness has also been shown to 
increase health-related quality of life including social, emotional, physical and 
cognitive functioning (Flapper et al., 2008). Therefore an exercise intervention may 
aid in reducing asthma severity and symptoms as a non-pharmacological treatment 
(Matsumoto et al., 1999, Wanrooij et al., 2014, Welsh et al., 2005).  
Despite some children with asthma recognising that regular exercise is associated 
with improved control of their asthma and enhanced physical self-perceptions 
(Chiang et al., 2006), physical activity and exercise, as tools to ameliorate lack of 
asthma control, are often avoided and are underutilised as a treatment to improve 
quality of life. Perceptions of asthma and exercise are later discussed in Chapter 4. 
Furthermore, because of this association between asthma and exercise, the attribution 
of normal indicators of physical exertion - increased breathing, heart rate and 
sweating - to symptoms of asthma is a common misconception (Rietveld et al., 2010, 
Williams et al., 2010), which, when exacerbated by a lack of fitness (McNarry et al., 
2014a), leads to a greater manifestation of the apparent symptoms of asthma, 
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resulting in further avoidance of exercise and a vicious negative cycle. Moreover, it 
has previously been found that peripheral muscle deconditioning may be a result of 
physical inactivity caused by breathlessness (Laveneziana et al., 2006). 
Deconditioning can result in further breathlessness due to the increased energy 
demand from atrophied muscles (Swallow et al., 2007). This knock on effect results 
in a negative cycle of exercise avoidance further deconditioning the muscles 
(Mioxham & Jolley, 2009). However, the use of exercise training may reduce these 
perceptions of breathlessness through increased respiratory muscle strength (Carson 
et al., 2013). Furthermore, a higher perceived competence of physical activity in 
adolescents with asthma is associated with increased fitness (Pianosi & Davis, 2004). 
Finally, a study examining a cross-section of ages between childhood and adulthood 
suggested that increased cardiorespiratory fitness was associated with a reduced risk 
of asthma (Guldberg-Moller et al., 2015). Indeed, exercise may aid in reducing 
airway inflammation providing a protective effect against asthma (Eijkemans et al., 
2012, Ford, 2002) and improve the overall condition of the bronchioles (Eijkemans 
et al., 2012).  
Adolescents with asthma are often perceived as having lower cardiorespiratory 
fitness, however, the current literature is conflicting. Indeed, whilst some studies 
show participants with asthma to have poorer fitness than their healthy peers 
(McNarry et al., 2014a, Vahlkvist & Pedersen, 2009, Villa et al., 2011), others show 
no differences (Berntsen et al., 2009, Pianosi & Davis, 2004, Santuz et al., 1997). 
The differences between the studies may potentially be explained by methodological 
variations. Each of the studies may have used participants with differing severities of 
asthma and therefore, differences may be misrepresented; however, it has been 
shown that there is no association between severity of asthma and cardiorespiratory 
fitness (Pianosi & Davis, 2004). A more likely explanation for the discrepancies 
between the studies are the exercise tests used to assess cardiorespiratory fitness. 
Indeed, cardiorespiratory fitness as estimated by field based measures are subject to 
substantial inaccuracies due to motivation and peer influence (Cairney et al., 2008).  
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2.9 Fitness testing  
It is widely accepted that the best single measure for an individual’s aerobic fitness is 
maximal oxygen uptake (V̇O2max), which represents the capacity of the pulmonary, 
cardiovascular and muscular systems to uptake, transport and utilise O2 (Poole et al., 
2008). Although V̇O2max in adults can usually be identified from an exercise test by a 
plateau in V̇O2 despite increasing work rate (Armstrong & Welsman, 1994), issues 
still confound its utility in paediatric populations, as only a minority display this 
plateau in V̇O2 (Armstrong et al., 1996, Armstrong & Welsman, 1994, Barker et al., 
2011). Therefore, in paediatric populations, peak V̇O2, which is defined as the 
highest V̇O2 attained during an exhaustive exercise test is accepted as the standard 
outcome measure for children and adolescents (Rowland et al., 1994).  
Studies investigating peak V̇O2 are further hindered by not accounting for a possible 
influence of body size, which can limit inter-study comparisons. It is especially 
important to account for body size during puberty around peak height velocity due to 
increases in body mass outweighing increases in peak V̇O2. During puberty, when 
making peak V̇O2 relative to body mass it will penalise those who are more mature 
and heavier (Armstrong, 2007); Albrecht et al. (1993) demonstrated the negative 
correlation between body mass and relative peak V̇O2. Indeed, the gold standard for 
accounting for body size on peak V̇O2 is to allometrically scale (Nevill et al., 2005), 
which has been missing from a large proportion of studies, including those 
specifically in asthma. When correcting for body size using allometric scaling, the 
higher peak V̇O2 usually associated with increases in maturity are no longer different 
between maturational groups (Cunha et al., 2011, Cunha et al., 2016, McNarry et al., 
2014b). The use of scaling peak V̇O2 is of particular importance within asthma 
research due to the obese asthma phenotype. Whilst it is becoming common practice 
in asthma studies to account for body mass (Berntsen et al., 2009, van Veldhoven et 
al., 2001), to date no studies have used allometric scaling of peak V̇O2.  
The majority of our evidence with regard to cardiorespiratory fitness is based on a 
single measure, namely peak V̇O2, but the use of one parameter of fitness does not 
appropriately represent the aerobic fitness of an individual and therefore should not 
be used exclusively. Moreover, even in those studies which have utilised peak V̇O2 
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as a measure of cardiorespiratory fitness, the applicability of this measure to 
functional capacity during activities of daily living has been questioned (Jones, 2006, 
Matos & Winsley, 2007). Indeed, differences between those with and without asthma 
may be detected using other parameters of aerobic fitness (Lucia et al., 2002). There 
is a lack of information regarding the influence of asthma on these other common 
factors of aerobic fitness considering the extensive use of incremental exercise tests. 
The use of submaximal parameters of aerobic function can provide a more 
comprehensive assessment of cardiorespiratory fitness; these include the lactate 
threshold or gas exchange threshold, the energy cost of exercise (termed V̇O2 gain) 
or economy and the V̇O2 kinetics. Whipp et al. (1982) outlines these parameters, 
inclusive of peak V̇O2 as the four key parameters of aerobic fitness.  
2.9.1  Gas exchange threshold 
The lactate threshold is the metabolic rate at which the blood lactate concentration 
begins to rise above the baseline value. To determine the lactate threshold can be 
invasive and therefore surrogate measures have been devised. The Gas Exchange 
Threshold (GET, the break point at which V̇CO2 production surpasses V̇O2), 
ventilatory threshold (the point during exercise at which ventilation starts to increase 
at a faster rate than V̇O2) and anaerobic threshold (the oxygen consumption above 
which aerobic energy production is supplemented by anaerobic mechanisms) all 
broadly reflect the lactate threshold, however, the GET will be taken to reflect the 
non-invasive equivalent of the lactate threshold. The GET which was first proposed 
by Beaver et al. (1986) evaluates changes in respiratory gas concentrations and is 
subsequently the respiratory gas equivalent of the lactate threshold. The GET is 
usually observed in adults between 45-60% of the peak V̇O2 (Jones & Poole, 2005) 
and between 45-70% peak V̇O2 in children (Fawkner & Armstrong, 2004a, Fawkner 
& Armstrong, 2004b). The GET can be used to gain additional information about the 
fitness status of an individual as the earlier it occurs in relation to the peak V̇O2, the 
poorer the fitness of the person. Indeed, it has been proposed that a GET of <50% 
peak V̇O2 is a marker of deconditioning (Urquhart & Vendrusculo, 2017). The GET 
can also be used in the design and optimisation of training programmes specific to an 
individual. For example, training at the GET is potentially the optimal intensity for 
improving endurance fitness (Weltman et al., 1990, Mader, 1991), due to the lack of 
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accumulation of blood lactate which may compromise training duration 
(Macdougall, 1977, Weltman, 1989). In addition, the exercise intensities associated 
with the GET are used to evaluate the V̇O2 kinetics of a person allocating a specific 
intensity. 
There is a paucity of data regarding the effect of asthma on GET in both children and 
adults; however, it has been used in previous studies to prescribe exercise intensities 
(Cochrane & Clark, 1990, van Veldhoven et al., 2001, Varray et al., 1991). 
Furthermore, a study in adults with asthma found that the condition may affect 
V̇O2max whilst the ventilatory threshold was unaffected (Sirichana et al., 2014), 
similar to findings in adolescents with Cystic Fibrosis (Bongers et al., 2014). 
Previous studies in children with asthma found relatively normal GET (Ahmaidi et 
al., 1993, Counil et al., 2003, van Veldhoven et al., 2001, Varray et al., 1995, Varray 
et al., 1991), with only one showing possible deconditioning with a GET of 47.4% of 
peak V̇O2 (Neder et al., 1999). The participants with possible deconditioning had 
moderate to severe asthma and therefore, severity of asthma may affect the GET. 
However, interpretation of these studies may be limited as they did not include a 
healthy control population. Only two studies assess the differences between healthy 
control and asthma participants, one in adults and one in children with equivocal 
results. The study in adults showed participants with asthma to have a lower 
anaerobic threshold than their healthy peers (Clark & Cochrane, 1988), whilst the 
study in children showed no differences in anaerobic threshold between those with 
and without asthma (Santuz et al., 1997). One potential reason for the discrepancies 
between the two studies is that peak V̇O2 between adults was shown to be reduced in 
comparison to their healthy peers, while the children’s peak V̇O2 was not different. 
However, whilst it may seem that peak V̇O2 and GET are associated, it has 
previously been found that peak V̇O2 can improve independently of any changes in 
GET (van Veldhoven et al., 2001). Therefore, previous studies finding differences in 
peak V̇O2 following an exercise intervention may have missed other parameters of 
fitness remaining the same; which could aid in assessing whether the disease may 
cause derangements in the delivery or utilisation of O2. There is therefore a need to 
confirm the influence of asthma in adolescents on the GET and to confirm if an 
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exercise programme influences the GET as observed in some (e.g., Ahmaidi et al., 
1993), but not all studies (e.g., van Veldhoven et al., 2001). 
2.9.2 Gain 
The gain is a measure of aerobic exercise efficiency (O2 cost of exercise) (Neder et 
al., 2001) and is measured by delta change (Δ) in V̇O2 against work rate (WR) from 
an incremental ramp test to exhaustion (ΔV̇O2/ΔWR). Abnormal muscle O2 delivery 
and utilisation can be assessed using gain (Gimenes et al., 2011, Hansen et al., 1987, 
Jones et al., 1998, Meyer et al., 1998, Neder et al., 2001) and a smaller gain denotes 
a reduced metabolic capacity to increase V̇O2 in accord with increased work rate. 
The gain is usually observed to be about ~10 ml·O2·min
-1·W-1. There are currently 
no studies examining the effect of asthma on gain and therefore it is not known if 
such derangements in the airways affect the delivery and utilisation of O2 in both 
children and adults. Previous studies into respiratory diseases such as Cystic Fibrosis 
have reported both a significantly smaller (Fielding et al., 2015) and no difference in 
the gain (Groen et al., 2010) compared to healthy counterparts. The former may 
suggest an impairment in oxygen transport and utilisation by the muscles, whereas 
the latter concludes diseases which are characterised by impaired oxygen delivery 
may not be as sensitive to small differences in the gain. Moreover, in adult COPD 
patients, gain was not significantly different from their healthy peers (Barron et al., 
2016). Disparity between studies is likely due to the differences in disease severity of 
the participants but may also be due to methodological analysis of the ΔV̇O2/ΔWR 
slope. When comparing previous studies it is important to only compare those which 
specify the section of the V̇O2 WR response (e.g., Fielding et al., 2015) as V̇O2 above 
the GET may not be linear in all participants and should be excluded from analysis 
(Boone & Bourgois, 2012). Furthermore, if the whole response is analysed then it 
may also be skewed by the Mean Response Time (MRT, e.g., Groen et al. 2010) and 
therefore the initial minute of the test should be excluded from analysis (Barstow et 
al., 2000a).   
2.9.3 Mean response time 
The MRT is calculated as the point of intersection between the baseline V̇O2 and a 
backwards linear extrapolation of the V̇O2 by time slope from the onset of the 
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increase in work rate (Glantz, 1990). The MRT of an incremental ramp test 
represents O2 utilisation by the muscle at the onset of exercise. The MRT is lacking 
from previous asthma studies and to the best of the authors knowledge has not been 
reported previously. This may be due to the MRT being a surrogate for V̇O2 kinetics 
although these are also missing from the asthma literature. However, a previous 
study comparing disease differences in adolescents with Cystic Fibrosis found 
patients to have significantly longer MRT than their healthy peers (Fielding et al., 
2015). This delay in oxygen uptake may relate to exercise intolerance as a longer 
MRT has been shown to lead to early fatigue (Poole et al., 2008). Furthermore, in a 
previous study the MRT was found to be inversely related to the FEV1/FVC ratio 
(Fielding et al., 2015), which indicates that participants with asthma, especially those 
with greater airway obstruction, may have a slower MRT due to an impairment in O2 
delivery. It is therefore necessary to evaluate the differences in MRT between 
adolescents with and without asthma to evaluate their exercise tolerance as it may 
explain possible differences in fitness.  
2.9.4 Oxygen uptake kinetics 
Although maximal incremental tests are useful for assessing aerobic fitness, as 
previously stated, the applicability to daily life is questionable as it is rare that a 
person would exercise as their maximal aerobic capacity (Jones & Poole, 2005). In 
addition, peak V̇O2 does not assess changes in metabolic demand during day-to-day 
activities. Indeed, assessing V̇O2 kinetics which reflect the dynamic V̇O2 response to 
an instantaneous change in the metabolic demand (Grassi et al., 1996, Krustrup et al., 
2009) may better assess daily activities. The onset of exercise provides a non-
invasive window into the metabolic activity of the muscle (Armstrong & Barker, 
2009), and assesses, ultimately, the ability to tolerate physical activity (Jones & 
Poole, 2005). Constant work rate tests set to submaximal work rates are best used to 
assess the V̇O2 kinetic response to exercise. V̇O2 kinetics following constant work 
rate exercise can assess the integrated capacity of the body to transport and utilise O2 
to supply the increased rate of energy turnover in the contracting myocytes (Whipp 
& Ward, 1990).  
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The V̇O2 kinetic response to onset of constant work rate exercise is characterised by 
a three-phase pulmonary response (Whipp & Wasserman, 1972). Phase I, termed the 
cardiodynamic phase, consists of a rapid increase in V̇O2 which is usually initiated at 
the first breath (Jones & Poole, 2005). The cardiodynamic phase typically occurs in 
children within the first 15 seconds of the exercise onset (Hebestreit et al., 1998, 
Springer et al., 1991, Fawkner et al., 2002). During the cardiodynamic phase there is 
a dissociation between muscle and pulmonary V̇O2 due to the muscle-lung transit 
delay. Moreover, the cardiodynamic phase is only observed in the pulmonary V̇O2 
response, whereas the muscle V̇O2 increases in a mono-exponential fashion from the 
onset of exercise. If phase I is appropriately accounted for, then the time (represented 
by the time constant) and amplitude (both primary and slow component) will be in 
close agreement for both the muscle and pulmonary V̇O2 responses (within ± 10%, 
Grassi et al., 1996, Krustrup et al., 2009). Subsequent to the cardiodynamic phase, 
the pulmonary V̇O2 increases exponentially to a steady state, this is known as phase 
II. The speed of the exponential increase of the V̇O2 during phase II is described by 
the time constant, which reflects the time to achieve 63% of the total. The phase II 
V̇O2 time constant is approximately 20-30 seconds in children during cycling (Breese 
et al., 2012, Koga et al., 1999). During moderate-intensity (exercise below the GET) 
phase II is followed by phase III which is the attainment of a steady state V̇O2 where 
the O2 demand is matched with O2 utilisation. Phase III is achieved in moderate-
intensity exercise after approximately 2-3 minutes (Jones & Poole, 2005). 
Heavy intensity constant work rate exercise utilises work rates above the GET but 
below critical power, which demarcates the boundary where energy provision is 
wholly oxidative. Caution should be taken when assessing the intensity domains in 
children as they are characterised by a significantly smaller peak V̇O2 (Armstrong & 
Barker, 2009). There is therefore only a small range of work rates within a given 
exercise intensity domain, especially within heavy-intensity as the GET typically 
occurs between 55-60% peak V̇O2 (Fawkner & Armstrong, 2002a, Pringle et al., 
2003) with critical power occurring at approximately 70-82% peak V̇O2 (Fawkner & 
Armstrong, 2002b). During heavy intensity exercise, the dynamic V̇O2 response 
becomes more complex, with the addition of a “slow component” (Barstow & Mole, 
1991, Whipp & Wasserman, 1972), that originates principally within the exercising 
34 
 
muscles (Poole & Jones, 2012). The slow component occurs during heavy intensity 
exercise after 90-150 seconds (Barstow & Mole, 1991, Paterson & Whipp, 1991) and 
usually delays the attainment of steady state until 10-15 minutes dependant on 
exercise intensity or fitness of the participant. Typically in children a slow 
component is also evident, albeit at a reduced amplitude in comparison to adults 
(Obert et al., 2000, Fawkner & Armstrong, 2003a). Exercise above the critical power 
engenders a V̇O2 slow-component which elevates to V̇O2max, therefore demonstrating 
that the V̇O2 slow component is related to muscle fatigue and exercise tolerance.  
The V̇O2 kinetic response has previously been assessed in differing populations and 
has been shown to be highly sensitive to both advantageous and deleterious 
influences in adults, for example, training and diseases, respectfully. As such, the 
dynamic V̇O2 response may be displaced by disease (Poole & Jones, 2012). Previous 
research into the effects of other pulmonary diseases showed impaired V̇O2 kinetics 
in comparison to age-matched healthy controls in those with Emphysema and 
Idiopathic Pulmonary Fibrosis (McNarry et al., 2017), Cystic Fibrosis (Saynor et al., 
2016) and Chronic Obstructive Pulmonary Disease (Nery et al., 1982, Puente-
Maestu et al., 2000). However, there are currently no studies which have assessed 
the effect of asthma on V̇O2 kinetics. Consequently, due to participants with other 
respiratory diseases having diminished V̇O2 kinetics, which may be attributable to an 
impaired O2 delivery through a low arterial O2 content caused by mismatched 
ventilation and gas exchange in the lungs (Jones & Poole, 2005), there is a 
requirement to assess if there is an effect of asthma on V̇O2 kinetics. If the V̇O2 
kinetics are found to differ between those with and without asthma, there is a greater 
chance of the O2 delivery being affected due to the inflammation of the airways in 
adolescents with asthma. Therefore, if a difference is found in V̇O2 kinetics between 
those with and without asthma, the time constant and the MRT are likely to be 
slowed in the adolescents with asthma. Indeed, as improved V̇O2 kinetics would be 
expected to reduce fatigue development it may therefore aid in assessing 
improvements in exercise tolerance, which has previously been shown to reduce 
asthma symptoms (Milgrom & Taussig, 1999). Moreover, in addition to a potential 
influence of asthma on V̇O2 kinetics, due to impaired lung function, adaptations to 
exercise may differ from healthy peers.  
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The determinants of V̇O2 kinetic response are still a contentious issue, with muscle 
O2 delivery and O2 utilisation proposed to be rate limiting (Poole et al., 2008). 
Oxygen delivery may be limited at a point during the transport of O2 from inhalation 
to the mitochondria which may affect the speed of V̇O2 kinetics (Poole et al., 2008). 
In addition, V̇O2 kinetics may also be affected by the utilisation or extraction of O2 
denoted by an intrinsic slowness of intracellular oxidative metabolism when adapting 
to the change in metabolic demand (Payne et al., 1997). V̇O2 kinetics are likely 
effected by both O2 delivery and utilisation, however, in previous work, the most 
important factor for the slowing of V̇O2 kinetics is debated between O2 delivery 
(Krustrup et al., 2004) and O2 utilisation (Bailey et al., 2009). Therefore, both O2 
delivery (central) and utilisation (peripheral function) should be measured 
simultaneously to assess whether adolescents with asthma can match O2 delivery to 
O2 utilisation during constant work rate exercise. Additionally, these measures can 
evaluate the mechanistic bases for the effect of asthma, if any, on the V̇O2 kinetic 
response and subsequent adaptation to an exercise intervention.  
More recent methods for providing information on O2 extraction and delivery 
include near-infrared spectroscopy (NIRS) and HR kinetics, respectively. The use of 
NIRS can estimate the fractional O2 extraction within a localised area of the 
microcirculation through measuring the relative change in the concentration of 
oxygenated and deoxygenated haemoglobin and myoglobin ([HHb], Boushel et al., 
2001). The balance between O2 delivery and utilisation is indicated by the [HHb] 
signal which then provides the index of fractional O2 extraction (DeLorey et al., 
2007, Grassi et al., 2003). NIRS may therefore be useful for understanding 
alterations caused by changes in aerobic fitness and muscle oxidative metabolism in 
adolescents with asthma. However, NIRS is unable to distinguish between O2 
delivery and utilisation and therefore conclusions can only be drawn about the 
balance between the two. The HR kinetics reflect cardiac output kinetics (Miyamoto 
et al., 1982, Yoshida & Whipp, 1994) and is a crude estimate of muscle blood flow 
and estimating bulk oxygen delivery (MacPhee et al., 2005), but may provide further 
insight into the mechanisms behind V̇O2 kinetics and how they are altered by training 
(Bailey et al., 2009). Previously, techniques to investigate changes in O2 delivery and 
muscle blood flow were costly, invasive and not ethically sound for use in paediatric 
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populations, for example muscle biopsy, tissue O2 microelectrodes and myoglobin 
O2 saturation by spectrophotometric analysis. NIRS is used in recent research 
(McNarry et al., 2015a, McNarry et al., 2017) and the current thesis as it is relatively 
cheap, portable, non-invasive and most importantly provides a continuous measure 
to provide measures of the dynamic changes in tissue oxygenation.  
2.9.5 Training effects of V̇O2 kinetics  
Previously, in adults, a faster V̇O2 time constant was observed as a result of exercise 
training (Murias et al., 2010, Raleigh et al., 2016), however, less is known about the 
V̇O2 kinetic response in youth, with limited longitudinal studies and contradictory 
results in trained vs. untrained children and adolescents. Indeed, in pre-pubertal 
children, Winlove et al. (2010) reported a faster V̇O2 kinetic time constant in trained 
swimmers in comparison to their untrained peers, whilst in contrast, two studies 
reported no difference between trained and untrained pre-pubertal children (Cleuziou 
et al., 2002, Obert et al., 2000). Moreover, in adolescents, training was associated 
with a faster V̇O2 kinetic time constant than their untrained peers (Marwood et al., 
2010, McNarry et al., 2011c, Unnithan et al., 2015). The conflicting results may be 
explained by different modalities between training and experimental measures. 
However, training status is likely to explain the differences associated with differing 
modalities as the influence of training in pre-pubertal swimmers were only manifest 
during upper body ergometry (Winlove et al., 2010), which may be due to the sport 
as it is predominately upper-body (Ogita et al., 1996). Furthermore, cross-sectional 
studies cannot be used to assess whether the faster V̇O2 kinetics observed in trained 
individuals are a result of long-term training per se or the product of genetic self-
selection. Therefore, there is a need to investigate whether training interventions can 
significantly improve V̇O2 kinetics in previously untrained children and adolescents. 
Indeed, to date, only one longitudinal study in pre-pubertal children assessing the 
effect of exercise on the V̇O2 kinetic response has been conducted (McNarry et al., 
2015b). The study utilised high-intensity interval training which engendered a faster 
V̇O2 kinetic time constant in obese children but did not have an effect on non-obese 
participants. Interestingly, peak V̇O2 was unaffected by the intervention, which 
further justifies the use of V̇O2 kinetics analysis within asthma studies to assess if 
quality of life is associated with improved V̇O2 kinetics irrespective of improved 
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peak V̇O2. Differences in V̇O2 kinetics between participants in the study of McNarry 
et al. (2015b) could have been due to higher baseline fitness in normal-weight 
children and therefore a longer study may be required to engender a significant 
improvement. Furthermore, the differences shown could have been a result of 
methodological shortcomings as multiple transitions were not utilised. Therefore, 
there is a gap in the literature on the effect of an exercise intervention on V̇O2 
kinetics of adolescents, in addition to the effects of asthma. 
Previously [HHb] and HR kinetics have been used to assess the differences between 
trained and untrained adolescents in soccer and swimming (Marwood et al., 2010, 
McNarry et al., 2011c, Unnithan et al., 2015). The two studies in soccer compared 
responses to moderate-intensity exercise in trained and untrained participants and 
found the trained participants to have a significantly faster V̇O2 kinetic response 
(Marwood et al., 2010, Unnithan et al., 2015). The [HHb] response was comparable 
in trained and untrained boys, however, the HR kinetic response was faster in trained 
participants, which was attributed to increased O2 delivery and utilisation. Trained 
girls, however, exhibited a faster [HHb] response in comparison to their peers and 
although no estimate of O2 delivery was used, the authors speculated the faster V̇O2 
kinetics in trained girls was from an enhanced O2 utilisation in the muscle. The 
conflicting results suggest there is a possible sexual dimorphism within trained 
adolescents with regard to the V̇O2 kinetic response. McNarry et al. (2011c) also 
found a faster V̇O2 kinetic response to heavy-intensity exercise in adolescent 
swimmers. In agreement with Unnithan et al. (2015) and conflicting Marwood et al. 
(2010), faster HR and [HHb] kinetics were observed in trained participants suggests 
the faster V̇O2 kinetic response was a function of enhanced O2 delivery and 
utilisation. Without a confirmation of the peripheral and central adaptations in boys, 
a conclusion on the sexual dimorphism is precluded. However, a faster V̇O2 kinetic 
response to exercise in trained adolescents is likely to be due to a function of both 
faster O2 delivery and greater O2 extraction as observed in adults (McKay et al., 
2009, Poole et al., 2008). In addition, although cross-sectional studies provide an 
informative comparison of training effects, they are unable to distinguish between 
genetic selection and an actual training effect. Therefore, further research is required 
to ascertain the O2 delivery and O2 utilisation response to an exercise intervention. 
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Finally, within the asthma adolescent population, in addition to the pulmonary V̇O2 
kinetic response to constant work rate exercise, the O2 delivery and utilisation during 
constant work rate exercise has yet to be established. Therefore, further work is 
required to evaluate the effect of asthma and subsequently the effect of an exercise 
intervention on the V̇O2 kinetic response and the mechanisms behind said response.  
2.10 Exercise interventions in asthma 
Early studies of exercise interventions for adults with asthma, found significant 
improvements in V̇O2max (Cochrane & Clark, 1990), specifically, Haas et al. (1987) 
found a 15% increase in V̇O2max. Furthermore, according to two reviews on exercise 
conditioning in asthma almost all studies showed improvements in both 
cardiovascular fitness and exercise performance and none showed a decrease in 
fitness (Eichenberger et al., 2013, Ram et al., 2000). These findings are not 
surprising considering that in healthy individuals, physical training has been shown 
to improve maximal aerobic fitness by up to 20% (Milanovic et al., 2015).  
The effect of exercise training on pulmonary function in adults with asthma is 
debated, with some studies showing significant improvements in FEV1 and peak 
expiratory flow (PEF, Farid et al., 2005, Heba & Ashraf, 2013), although the 
majority reported no change (Cochrane & Clark, 1990, Lucas & Platts-Mills, 2005). 
Conversely, although lung function did not improve in some studies as measured by 
FEV1, Mendes et al. (2010) found improvements in asthma free days and also found 
exercise to reduce the number of asthma exacerbations.  
These studies have been reinforced by more recent intervention studies and are 
summarised by a meta-analysis on physical training for asthma by Carson et al. 
(2013) utilising the results of 21 studies. The pooled data showed exercise training 
significantly improved cardiovascular fitness through an increase in V̇O2max, 
maximal expiratory volume, and heart rate maximum (Carson et al., 2013). 
Improvements in heart rate maximum may be due to the participants not reaching 
their maximal effort at baseline, which may question the results of the improvements 
in V̇O2max. However, an alternative potential reason for the improvements in 
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maximal heart rate is an improvement in cardiorespiratory fitness which allowed 
those who were perhaps deconditioned at baseline to continue the test for a longer 
duration.  
There were, however, no significant changes in lung function, specifically PEF, 
FEV1 and FVC, this is to be expected considering there is no obvious reason for 
improved PEF or FEV1 as a result of exercise training (Ram et al., 2000). Both 
quality of life and asthma symptoms were unable to be pooled due to the 
heterogeneity of the scales and instruments used, respectively. Asthma symptoms 
findings were equivocal but there was a trend for more to not report any significant 
changes during the intervention (e.g., Boyd et al., 2012, Swann & Hanson, 1983, 
Turner et al., 2010). However, in a previous systematic review, several factors were 
found to contribute to a possible increase in asthma related quality of life directly 
related to asthma symptoms, such as days per month free of asthma symptoms and a 
reduction in asthma medication (Eichenberger et al., 2013). Moreover, quality of life 
was found to increase in the review by Carson et al. (2013) in 4 out of 5 of the 
studies (Fanelli et al., 2007, Goncalves et al., 2008, Mendes et al., 2010, Turner et 
al., 2010) and therefore this suggests that exercise interventions may be used to 
increase quality of life in asthma populations. This would seem reasonable 
considering that quality of life is associated with participants’ dependence on asthma 
medication (van den Bemt et al., 2010). Furthermore, none of the studies reported in 
either review found a worsening of asthma symptoms following physical training 
and therefore it should be considered safe within asthma populations.  
Exercise interventions in children and adolescents with asthma have resulted in 
similar findings to that of adults with regard to increased cardiorespiratory fitness 
and exercise tolerance and unchanged pulmonary function. A recent review by 
Wanrooij et al. (2014) evaluated the effects of exercise training in children and 
adolescents with asthma. From the 5987 studies identified, only 29 met the inclusion 
criteria with a total of 1045 children with asthma (Wanrooij et al., 2014), 
demonstrating the paucity of research regarding exercise in children with asthma. 
However, these exercise studies in children do show some promising results in 
eliciting advantageous adaptations in maximal aerobic capacity, EIB and quality of 
life.  
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Lung function parameters are one of the more common measurements for assessing 
training interventions with asthma; of the 24 studies identified by Wanrooij et al. 
(2014), few resulted in significant improvements. However, three exercise 
interventions did elicit significant improvements in FEV1 (6 - 12%) in participants 
(Chang et al., 2008, Onur et al., 2011, Sidiropoulou et al., 2007). Moreover, FVC 
was only found to significantly increase (10-14%) in 2 studies (Chang et al., 2008, 
Onur et al., 2011). These results were challenged by the authors, with one suggesting 
the change in results whilst significant did not represent a meaningful change, while 
the other studies were unable to elucidate the mechanisms. Exercise was found to 
elicit improvements in PEF, albeit mildly (29 - 40%), in 4 out of 9 studies (Chang et 
al., 2008, Counil et al., 2003, Lima et al., 2008, Wang & Hung, 2009). The slight 
increase in PEF suggests increased strength of the intercostal muscles, the diaphragm 
and abdominals (used for exhaling and compressing the diaphragm upwards into the 
chest cavity) post training, which is may be confirmed by the lack of increase in 
FEV1 following training (Wanrooij et al., 2014). These increases in strength could be 
a result of increased maturation throughout the studies. Another possible factor for 
the improvements could be a reduced BMI following the intervention as lung 
function can be compromised by obesity (Lessard et al., 2008), which is an important 
point considering the obese asthma phenotype. In a recent exercise intervention the 
authors highlight the importance of a weight reduction (5% body fat) in their 
intervention participants which led to an improvement in lung function (FEV1 
increase of 1.22l) and subsequently quality of life (60% increase, Latorre-Roman et 
al., 2014). Moreover, PEF variability has previously been reported to be highly 
variable and therefore the increase may not be a result of the exercise intervention 
(Global Initiative for Asthma, 2017). No other differences were found following 
exercise training in other parameters of lung function, which is understandable 
considering the lack of reason for increased exercise alone to result in improvements 
in lung function (Ram et al., 2000). These findings suggest that exercise training 
generally does not improve lung function in children with asthma (Wanrooij et al., 
2014). 
Evidence of an effect of physical training on children’s asthma control and quality of 
life is lacking with contradictory results reported. Specifically, Basaran et al. (2006) 
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and Fanelli et al. (2007) found exercise training to improve quality of life in children 
with asthma but Moreira et al. (2008) did not. This discrepancy between studies may 
be due to a higher baseline quality of life in participants in the study by Moreira et al. 
(2008), as there may be a ceiling effect whereby quality of life cannot be further 
improved by exercise. With regards to the effect of exercise training on asthma 
control, the limited number of studies suggest a decrease in number of attacks and 
days of wheezing (Huang et al., 1989, Lima et al., 2008, Sly et al., 1972). In 
addition, symptoms scores improved in one study (Lima et al., 2008), however in 
contrast, exercise did not result in medication score reduction (Basaran et al., 2006, 
King et al., 1989, Neder et al., 1999).  
One purpose of implementing an exercise intervention is to improve 
cardiorespiratory fitness. In a systematic review by Strong et al. (2005), 18 
correlational studies were found to suggest a positive relationship between physical 
activity and maximal and submaximal cardiorespiratory fitness. This is also 
confirmed in children with asthma who demonstrate maximal oxygen uptake to 
positively correlate with physical activity (Garfinkel at al., 1992). Seventeen of the 
studies evaluated by Wanrooij et al. (2014) examined the effects of exercise on 
aerobic capacity, 10 of which assessed peak V̇O2. Significant improvements in peak 
V̇O2 were observed post exercise training intervention in children with asthma 
(Ahmaidi et al., 1993, Counil et al., 2003, van Veldhoven et al., 2001, Varray et al., 
1995, Varray et al., 1991), however, few of these took physical activity into 
consideration. This was, however, not the case for all studies as several reported no 
significant increases in peak V̇O2 following exercise training (Fitch et al., 1986, 
Graff-Lonnevig et al., 1980, Holzer et al., 1984, King et al., 1989, Neder et al., 
1999). Reasons for the lack of increase range from short interventions (< 3 weeks), 
using low-intensity training and type of exercise vs. modality of measure. All studies 
differed with regard to type of training, frequency, duration, intensity and the length 
of training programme and therefore further work is required to design an 
intervention which would elicit the greatest adaptations; as discussed below. In 
summary, given the benefits of exercise to general health, exercise may be used as an 
effective means of improving asthma-related quality of life, symptoms and 
cardiorespiratory fitness in adolescents with asthma.  
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2.11 Exercise intervention design  
When implementing an exercise intervention, the mode, intensity, frequency and 
duration need to be considered (Bouchard et al., 2012). The majority of the 
interventions previously discussed in this review do not explicitly state the intensity 
of their exercise (Basaran et al., 2006, Graff-Lonnevig et al., 1980, van Veldhoven et 
al., 2001), however, they are mostly within the moderate-intensity range. Constant 
intensity exercise training (CIET), which  is defined as any exercise using large 
muscle groups that is performed continuously in a rhythmic manner and is typically 
conducted at 70 – 75% heart rate maximum (Foxdal et al., 1996), best describes the 
previous studies. In a recent systematic review of 21 training studies in non-asthma 
youth, almost all studies evaluated CIET, assessing peak V̇O2 (Armstrong & Barker, 
2011). There was also a large variation in frequency of training, duration and 
intensity. A review in training and aerobic fitness in healthy young people showed 
studies utilising training at or above the GET resulted in significant improvements in 
peak V̇O2 (Baquet et al., 2003). Moreover, the studies which failed to improve peak 
V̇O2 utilised intensities between 70-80% heart rate maximum. In addition, although 
previous exercise interventions in children and adolescents with asthma have mostly 
been in CIET, in a recent systematic review (Wanrooij, et al., 2014), exercise 
intensity at or above the GET for 60 minutes or more resulted in more favourable 
increases in aerobic fitness (Ahmaidi et al., 1993, Counil et al., 2003, Varray et al., 
1995, Varray et al., 1991). Moreover, exercise interventions at the GET but for 
shorter periods of time or at a lower intensity were less likely to elicit positive 
adaptations in aerobic fitness (Fitch et al., 1986, Graff-Lonnevig et al., 1980, Holzer 
et al., 1984, Neder et al., 1999). Therefore, as duration and intensity is yet to be 
agreed within the literature and a higher intensity would seem to elicit more 
favourable adaptations, future interventions should explore the use of high intensity 
training. In addition to training at higher intensities, the systematic review by 
Wanrooij et al. (2014) suggested that exercise interventions were more likely to elicit 
positive improvements in peak V̇O2 if the duration of the sessions were for at least 
120 minutes per week divided over at least two and were in excess of 3 months 
(Ahmaidi et al., 1993, Counil et al., 2003, van Veldhoven et al., 2001, Varray et al., 
1995, Varray et al., 1991).  
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Moderate-intensity continuous exercise training can be monotonous, which is 
synonymous with study drop out (McNarry et al., 2015b), time consuming and may 
not be appealing to adolescent populations (Buchan et al., 2011). In contrast to 
CIET, high-intensity interval training (HIIT), also known as high-intensity 
intermittent exercise (HIIE), consists of repeated, intense, short bouts of exercise 
interspersed with either rest of or active recovery (Buchheit & Laursen, 2013, 
Laursen & Jenkins, 2002). The short durations of near maximal exercise usually last 
between a few seconds to several minutes (Gibala & McGee, 2008). The rest or low 
intensity recovery is often equal that of the exercise bout (Ross et al., 2016). Rate of 
perceived exertion, maximal aerobic speed, heart rate and V̇O2 can be used to assess 
exercise intensity during exercise. For HIIT, the exercise bouts are required to be 
greater than or equal to 90% peak V̇O2, 100% maximal aerobic speed, and/or 90% 
heart rate maximum (Baker, 2011, Gibala & McGee, 2008, Hood et al., 2011, Little 
et al., 2011).  
The use of HIIT is currently very promising as an alternative to traditional CIET 
programmes, however the evidence is limited in youth, especially the optimisation of 
HIIT programmes and the physiological mechanisms responsible for training 
induced changes (McNarry & Armstong, 2017). As youths heart rates can recover 
more rapidly and are able to maintain a high work rate interspersed with short rest 
periods for a greater number than adults (Ratel & Williams, 2017), the lack of HIIT 
protocol training studies in children and adolescents is surprising. Considering that 
HIIT and CIET were shown to be able to increase peak V̇O2 in youth over 20 years 
ago (McManus et al., 1997), the use of HIIT has only recently gained focus. 
Costigan et al. (2015) conducted a systematic review and meta-analysis and 
concluded that HIIT is effective at increasing peak V̇O2 in adolescents. Indeed, a 
meta-analysis by Weston et al. (2014a) reported HIIT to elicit a greater increase in 
cardiorespiratory fitness in comparison to a moderate-intensity intervention. 
Perceived lack of time has commonly been cited as a barrier to exercise (Dwyer et 
al., 2006, Lovell et al., 2010, Reichert et al., 2007, Welch et al., 2009). Furthermore, 
HIIT has been suggested to be a time-efficient method of exercise that can elicit 
significant improvements in peak V̇O2 as CIET in youth (Gibala et al., 2012, Kessler 
et al., 2012, Warburton et al., 2005, Weston et al., 2014b). With regard to asthma, it 
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has been concluded that relatively brief periods of high-intensity exercise are at a 
low risk for asthma symptoms (Del Giacco et al., 2015). Indeed, continuous exercise 
has been suggested to provoke and trigger asthma symptoms (Sidiropoulou et al., 
2007), as such, intermittent exercise may not provoke asthma and might aid in 
improving adolescents’ tolerance of exercise, increasing endurance (Del Giacco et 
al., 2015), highlighting the potential utility of HIIT. The intermittent nature of HIIT 
may also facilitate a decrease in end expiratory lung volume during the resting phase 
(Beauchamp et al., 2010), reducing the risk of an asthma attack. The use of HIIT 
appears to be safe in adolescents with asthma (Latorre-Roman et al., 2014) and 
should therefore be considered within asthma studies.  
Not only has HIIT been shown to elicit greater improvements in cardiorespiratory 
fitness, it is also perceived in adolescents to be more enjoyable to participate in in 
comparison to CIET (Malik et al., 2017). Specifically, O’Neil and Dogra (2017) 
found interval exercise was associated with lower ratings of perceived exertion and 
dyspnoea in comparison to constant-intensity exercise in adults with asthma. These 
lower ratings are likely due to the rest periods included within the training. In 
children, enjoyment was also highlighted as essential to increasing effort required for 
reaching high intensities (Westergren et al., 2016).  
When utilising a HIIT intervention, safety must be considered. Indeed, concerns such 
as risk of injury in previously sedentary, overweight or clinical populations were 
perceived as barriers to HIIT (Donahue et al., 2006). However, in recent reviews, the 
beneficial effects of HIIT have been shown in clinical populations (Guiraud et al., 
2012, Hwang et al., 2011, Kessler et al., 2012, Ross et al., 2016, Weston et al., 
2014a). With regard to asthma, in all studies utilising HIIT no asthma attacks were 
shown to be caused by the exercise protocols and the participants tolerated the 
exercise well (Counil et al., 2003, Latorre-Roman et al., 2014, Varray et al., 1991).  
The use of HIIT in asthma studies is lacking. The first study which utilised HIIT as 
an exercise intervention in children with asthma (Varray et al., 1991) did so 
immediately following 3 months of CIET. The study showed significant increases in 
peak V̇O2 in children with asthma following CIET but no such improvements during 
the following 3 months of HIIT. These findings are somewhat surprising due to 
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studies in healthy populations eliciting increases in peak V̇O2 following HIIT 
(Costigan et al., 2015). Due to the prior CIET intervention, which elicited significant 
improvements in peak V̇O2, the baseline fitness is increased which may confound the 
interpretation of the secondary HIIT intervention. Indeed, the increases in baseline 
peak V̇O2 may result in a ceiling effect as baseline fitness is known to influence the 
magnitude of change elicited by an intervention in youth (Eliakim et al., 1996, 
Mandigout et al., 2001, Tolfrey et al., 1998). Furthermore, the intervention may not 
have elicited changes in peak V̇O2 due to the short durations of exercise in 
comparison to rest period; therefore far less time was spent exercising in comparison 
to their prior CIET intervention.  
Two studies on HIIT in adults followed with the same primary author (Emtner, 1996, 
Emtner et al., 1998). Both studies consisted of a HIIT intervention, the first in water 
and the second on land, which elicited significant improvements in lung function and 
cardiorespiratory fitness, accompanied by a reduction in anxiety towards exercise. 
However, although the exercise intensity was stated to be high-intensity, caution 
should be taken when interpreting findings as their target work rate was between 80-
90% heart rate maximum, which does not conform to modern HIIT training 
interventions of >90% heart rate maximum (Hood et al., 2011, Little et al., 2011).  
Counil et al. (2003) utilised a higher intensity work rate, opting for sprints at 
maximal aerobic power as a HIIT intervention in children with asthma which 
showed significant increases in peak V̇O2. The sessions conducted were well 
tolerated, however, instead of rest periods, Counil et al. (2003) utilised exercise at 
the GET; the continuous aspect of this protocol may put asthma participants at a 
higher risk of asthma symptoms (Del Giacco et al., 2015).  
More recently, a study conducted in children by Latorre-Roman et al. (2014) utilised 
a combination of HIIT and CIET which resulted in an increased in lung function, 
fitness and asthma-related quality of life. The intervention of 60 minutes of exercise 
3 times per week for 12 weeks, consisted of 40 minutes of exercise, however, heart 
rate monitors were not worn and therefore the true intensity of the sessions cannot be 
discussed.  
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Finally in the most recent HIIT intervention in adult participants with asthma 
(Toennesen et al., 2018) elicited significant improvements in V̇O2max with no 
improvements in asthma control or lung function. The study was limited by the lack 
of a control group and the methodological training intensities which may hinder the 
use of the intervention in a wider group.  
2.11.1 Work:rest ratio 
Previous HIIT interventions in participants with asthma vary methodologically with 
regards to both modality and the work:rest ratio. Varray et al. (1991) utilised a 1-
minute intervals which included both the exercise (25m swim) and rest. This method 
may hinder results as each participant may have been able to complete the exercise 
in a different length of time giving each person a different work:rest ratio. Emtner et 
al. (1996 & 1998) used a work:rest ratio of 2-minute sprints interspersed by 1.5 
minutes rest. This method was tested both on land and in water with similar results, 
the use of a shorter rest period to exercise may have aided in improvements in peak 
V̇O2 (Kavaliauskas et al., 2015). Toennesen et al. (2018) utilised two to four five 
consecutive 1-minute intervals consisting of 30, 20, and 10 seconds at <30, <60 and 
>90%HRmax, respectively, interspersed with 2-minute recovery periods (5:2, 
work:rest). Whilst this protocol utilised high-intensity exercise, it was very short 
totalling between 100-200 seconds per session interspersed with both rest and lower-
intensity exercise possibly targeting endurance over improvements in peak V̇O2.  
Two other HIIT interventions interspersed their high-intensity work periods with 
active rest; Counil et al., (2003) had their participants exercise at the GET, for their 
active rest, over a period of 4 minutes (1:4, work:active-rest), and Latorre-Roman et 
al. (2014) at a “low-intensity” (unspecified ratio). Whilst these methods were shown 
to improve cardiorespiratory fitness and may also have greater endurance-based 
gains than protocols with passive rest periods (Milanović et al., 2015), these studies 
are effectively continuous exercise studies which may pose a risk to the participants 
with asthma, increasing the likelihood of asthma symptoms (del Giacco et al., 2015).  
Whilst work:rest ratios have been suggested to be ≤ 1 for the greatest improvements 
in cardiorespiratory fitness (Weston et al., 2014), only one study has been conducted 
in participants with asthma which utilised HIIT with a 1:1 work:rest ratio (de Silva et 
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al., 2016) and this was performed in adults. The study found HIIT to improve 
cardiorespiratory fitness in a similar manner to continuous exercise but to have a 
greater effect on asthma control. The use of HIIT in participants with asthma has 
clear merits, however, has been hindered by mixed design studies. As such, no pure 
1:1 work:rest ratio HIIT intervention has been published to date in adolescents with 
asthma and therefore the efficacy of HIIT is currently unknown. 
2.12 Conclusion 
In conclusion, there are equivocal findings in adolescents with asthma in comparison 
to their healthy peers with regards to physical activity, cardiorespiratory fitness and 
BMI. In addition, there are no previous studies into the effect of asthma on the 
submaximal aerobic fitness of adolescents. Therefore, further evidence is required to 
add to the existing body of research to evaluate the effect of, and interaction with, 
asthma.  
Due to the personal and financial burden associated with asthma, finding a non-
pharmacological, cost-effective way to reduce symptoms and improve asthma 
control that is also accessible is required. One such suggestion is exercise and whilst 
it is a common trigger for asthma symptoms, it has been found to improve fitness, 
and subsequently quality of life, asthma control and, in some cases, lung function. 
Previous studies have mostly utilised moderate-intensity exercise interventions, 
however, higher intensity exercise interventions were shown to elicit greater 
improvements in cardiorespiratory fitness. Moreover, intermittent exercise should be 
utilised in future studies as it has less risk of exacerbating asthma symptoms in 
comparison to continuous training. In addition, HIIT has been shown to improve 
cardiorespiratory fitness and BMI in healthy participants. However, despite 
widespread interest in HIIT, little is known about the effect of HIIT in children or 
adolescents, particularly its interaction with asthma. Not only is HIIT in adolescents 
with asthma insufficiently described, to the best of the author’s knowledge, no pure 
HIIT intervention, with short aerobic intervals and equal rest periods, has been 
administered to adolescents with asthma. 
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Enjoyment of an exercise intervention is key for attendance and adherence and 
therefore interventions should be co-developed with the participants. Furthermore, 
there are few inclusive interventions which combine participants both with and 
without asthma, which is a necessity to avoid stigma. Therefore the aim of the thesis 
was to co-develop and investigate the influence of an inclusive school-based HIIT 
intervention on the cardiorespiratory fitness of adolescents with asthma, with the 
intention of furthering our knowledge in exercise training as a means of increasing 
asthma control and quality of life.  
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CHAPTER 3 
GENERAL METHODS 
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Chapter 3:General Methods 
This chapter describes the general methods of this thesis. For each individual study 
outlined in the thesis further specific detail is given within. All measures were 
performed at satellite laboratories at each of the respective schools. 
3.1 Participants 
The number of participants required to sufficiently power the statistical comparisons 
were estimated according to the method presented by Vincent (1999). To calculate 
the number of participants required to power the intervention study, the Paediatric 
Asthma Quality of Life Questionnaire was used as the primary outcome variable. It 
was calculated that, to achieve 80% power with the effect size of 0.5 (confidence 
level 0.05), a sample of 132 participants would be required. Due to the prevalence of 
asthma and the pragmatic nature of only being able to conduct the intervention in 
one school, 44 participants with asthma were required for the intervention with the 
remaining 88 required as controls. In order to account for drop out, a target number 
of 158 was set to allow for up to a 20% attrition rate (Lubans et al., 2016). To 
increase the statistical power of the study, two healthy participants were sought to be 
recruited for every one adolescent with asthma to both the intervention and the 
control schools. For the more sensitive sub-sample measures, to achieve an 80% 
power and 0.05 confidence level, eight participants were required in each group.  
Fifteen schools were selected from Swansea and the surrounding area, based on size, 
location and socioeconomic status (free school meals). These schools were recruited 
via email, telephone and face-to-face meetings. One school was randomly selected to 
be the intervention, with stratified randomisation used to select four schools to act as 
a control to best match the free school meal status of the intervention school. Free 
school meal status was based on the most recent Estyn reports. Due to academic 
commitments, the intervention school was unwilling to allow the year 11 pupils to 
participate in the study, therefore, only pupils from years 7 to 10 were invited to 
participate. Initially, in line with the power calculations, 616 adolescents volunteered 
to participate in the study, 221 to receive the intervention (47 with asthma) and 395 
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(106 with asthma) to act as the control. Possibly due to the name of the project (the 
eXercise for Asthma study with Commando Joe’s), there was a potential selection 
bias, and therefore more adolescents with asthma agreed to participate than was 
expected given that approximately 1 in 11 children in the UK suffer with the 
condition (21% and 27% with asthma in the intervention and control groups, 
respectively).  
For sub-sample measures, stratified randomisation was used to select 10 participants 
with and 10 without asthma from each school year group of the intervention school; 
these were age and sex matched with participants from one of the control schools. It 
was decided to exceed the amount needed to power the statistics to allow for drop 
out and to provide greater confidence in the potential findings, however, due to time 
constraints, this was limited to 15 in each group (asthma and non-asthma, 
intervention and control). A flow chart outlining the school recruitment process, 
group allocation and intervention completion rate is included within Figure 3.1. 
3.2 Ethical approval 
Ethical approval for all experimental chapters was granted in agreement with the 
guidelines and policies set out by the Swansea University research ethics committees 
in both the College of Engineering and the Medical School (ref: PG/2014/29 and 
140515). Information sheets (Appendix A) were developed for the Head teacher, 
parents/guardians and the participants, with appropriate language used for each 
target audience. Head teacher consent was provided from every school, with 
parent/guardian consent and participant assent collected prior to the commencement 
of the study. Further parental/guardian consent and participant assent was collected 
from the sub-sample for further physiological measures and each participant of the 
sub-sample was asked to assent at every time point.  
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Figure 3.1. Flow chart outlining the school recruitment process, group 
allocation and intervention completion rate; N = schools; n = total 
participants; a = participants with asthma (from n) 
 
 
 
Schools 
invited 
(N = 15) 
Schools 
included 
(N = 5; n = 
616; a = 155) 
Intervention 
school 
(n = 221;  
a = 47)  
Control school 
2, 3 & 4 
(n = 198;  
a = 49) 
Control school 
1 
(n = 197;  
a = 59) 
Attendance  
> 70% 
(n = 44;  
a = 10) 
Sub-sample 
(n = 36;  
a = 19) 
Sub-sample 
(n = 33; 
 a = 17) 
Attendance 
>70% 
(n = 16;  
a = 8) 
Study 3 & 4 
Included in 
intention-to-
treat analysis 
Study 3 & 4 
Included in 
sensitivity 
analysis 
Completed 
each time point 
(n = 139;  
a = 43) 
Sub-sample 
(n = 22;  
a = 10) 
Completed 
each time point 
(n = 44;  
a = 25) 
Completed 
each time point 
(n = 119;  
a = 29) 
Sub-sample 
(n = 28;  
a = 14) 
Group 
interviews 
(n = 54;  
a = 26) 
Completed 
each time point 
(n = 139;  
a = 43) 
Sub-sample 
(n = 22;  
a = 10) 
Completed 
each time point 
(n = 44;  
a = 25) 
Study 2 
Study 1 
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3.3 Asthma and Severity 
Within the information sheets and the consent and assent forms a box was provided 
to indicate if the participant had asthma as diagnosed by a doctor. This box appeared 
on both the parental consent and the participant assent.  
Each participant that indicated that they had asthma was provided with a healthcare 
utilisation questionnaire (Appendix C) to establish what medication they were 
prescribed and how often it was administered at each time point throughout the 
intervention. Asthma severity was assessed using the Global Initiative for Asthma 
guidelines (Global Initiative for Asthma, 2017) and classified as mild, moderate or 
severe according to the medication step required to achieve asthma control.  
3.3.1 Asthma medication 
All of the 155 adolescents with asthma took short-acting β2 agonists (SABA) to 
control their asthma, in 20% this was their only medication for their condition, 
indicating mild asthma, assuming appropriate treatment. Seventy percent of the 
participants with asthma were on a combination of SABA and inhaled 
corticosteroids (ICS), with 10% indicated to have moderate-to-severe asthma on 
SABA, ICS and long-acting β2 agonists (LABA). Moderate and severe asthma was 
grouped together in order to provide greater power to make any meaningful 
comparisons between severity groups.  
Bronchodilators or other asthma medication were not withheld at any point during 
the measures as it was perceived as a safety risk. If not correctly medicated, the 
exercise measures may have acted as a trigger for asthma attacks. This may have had 
an impact on the results and should be taken into consideration when interpreting the 
results.   
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3.4 Instruments and procedures 
With the exception of the group interviews conducted in study 1, the measures were 
conducted over four time points, baseline, mid-intervention (3 months), post-
intervention (6 months) and at follow up (9 months).  
3.5 Wider-sample measures 
3.5.1 Age 
Decimal age was calculated between the date of birth of the participant and the first 
day of measures at each time point, to the nearest 0.1 years. 
3.5.2 Anthropometry 
All anthropometrical measures were taken according to the techniques outlined by 
the International Society for the Advancement of Kinathropometry (Stewart et al., 
2011). Participants were required to be in minimal clothing and without shoes. Body 
mass was measured to the nearest 0.1 kg using electronic weighing scales (Seca 876, 
Hamburg, Germany). Stature and sitting stature were measured to the nearest 0.01 m 
using a stadiometer (Seca 213, Hamburg, Germany). Participants were instructed to 
position themselves with their back against the stadiometer, heels together (for 
stature), looking straight ahead and the measurement was taken at maximal 
inhalation. Lower limb length was calculated as the difference between stature and 
sitting stature. Arm span was measured by placing the fingertip of one hand in the 
corner against the wall and to stretch with level arms as far as they could, this was 
measured to the nearest 0.01 m. Waist circumference was measured using a tape 
measure to the nearest 0.01 m (Seca 203, Hamburg, Germany). The measure was 
taken at the waist, at the most indented point of the torso between the bottom of the 
rib cage and the iliac crest.  
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3.5.3 Maturation 
Pubertal maturity was self-assessed in accordance with the secondary sex 
characteristics outlined by Tanner (1962), which depict the 5 major stages of 
physical development from pre-puberty to post-puberty (Appendix X). This measure 
was completed in private and returned to the researchers in an unidentifiable 
envelope. This method of self-assessment has been shown to be valid and 
reproducible (Chan et al., 2008; Morris & Udry, 1980; Taylor et al., 2001; Norris & 
Richter, 2005; Schmitz et al., 2004) with the added advantage of this method over a 
physician assessment being that a trained nurse is not required. In addition to the 
Tanner stages self-assessment, the age at peak height velocity was calculated to 
provide an additional indicator of maturation status, according to the equations for 
both boys and girls developed by Mirwald et al. (2002; Equation 3.1 and 3.2). The 
95% confidence intervals reported by Mirwald et al. (2002) were ±1 year and 
therefore in the current thesis where multiple measures are taken within a year, the 
results may not fully represent the maturity changes of the participants over time. 
The use of two measures of maturity status were utilised as verification indicators of 
each other, in addition to be used as covariates in additional analysis to avoid 
collinearity, for example, analysing body mass index.  
Equation 3.1 
For boys 
𝑀𝑎𝑡𝑢𝑟𝑖𝑡𝑦 𝑂𝑓𝑓𝑠𝑒𝑡 
=  −9.236 + (0.0002708 × (𝐿𝐿 ×  𝑆𝑆))
+ (−0.001663 × (𝑎𝑔𝑒 ×  𝐿𝐿)) + (0.007216 × (𝑎𝑔𝑒 ×  𝑆𝑆)
+ (0.02292 × ((𝐵𝑀 ÷  𝑆) × 100)) 
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Equation 3.2 
For Girls 
𝑀𝑎𝑡𝑢𝑟𝑖𝑡𝑦 𝑂𝑓𝑓𝑠𝑒𝑡
=  −9.376 + (0.0001882 × (𝐿𝐿 ×  𝑆𝑆))
+ ( 0.0022 × (𝑎𝑔𝑒 ×  𝐿𝐿)) + (0.005841 × (𝑎𝑔𝑒 ×  𝑆𝑆)
+ (−0.002658 × (𝑎𝑔𝑒 × 𝐵𝑀)) + (0.07693 
× ((𝐵𝑀 ÷  𝑆) × 100)) 
 
LL = Leg Length; SS = Sitting Stature; BM = Body Mass; S = Stature 
 
3.5.4 Body Mass Index 
Body Mass Index (BMI) was calculated for each individual as an estimate of 
adiposity using the following equation. 
Equation 3.3.  
Body Mass Index = Body Mass (kg)  ÷ Stature (m2) 
As all the participants were under the age of 18 years, BMI scores were grouped 
according to Barlow et al. (2007) using age and sex specific child percentiles based 
on growth charts. Overweight and obesity were defined as a BMI >85th and >95th 
percentile, respectively. As BMI is the most commonly used biomarker for obesity, 
it allows this research to be compared to the wider literature, it is easy to perform in 
large numbers and is inexpensive. Whilst skinfold thickness and dual-energy X-ray 
Absorptiometry (DXA) were considered for the research project, they were found to 
be too time consuming and specifically for DXA, as the participants were not 
clinical, it was not considered ethically sound. Whilst Guibas et al. (2013) suggest 
waist circumference should be used in child asthma populations between the ages of 
2 and 5 years, BMI was found to be more appropriate in older children and 
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adolescents due to the “adiposity rebound” observed post pre-school. For the current 
thesis, waist circumference was also measured to add to the findings of BMI as 
suggested by Lu et al. (2016).  
 
3.5.5 Physical activity 
Physical activity levels were measured objectively using ActiGraph GT3X+ 
accelerometers (ActiGraph, Pensacola, FL, USA) to record the quantity, intensity 
and frequency of body movement. Due to the size of the study, the GT3X+ was 
selected, possibly the leading instrument for measuring energy expenditure (Butte et 
al., 2010), as it has been found to be both a valid and reliable measure of physical 
activity (Trost, 2007) and is considerably cheaper than other measures. The 
accelerometers recorded at 100Hz and were worn on each participant’s right hip for 
seven consecutive days. Participants were instructed to remove the monitor if they 
undertook water-based or contact activities. When the monitor was removed, wear 
time diaries were used to log for how long and why. The data were analysed using 
Kinesoft version 3.3.67 (Kinesoft, Saskatchewan, Canada) employing 1 second 
epochs with sustained periods of at least 20-minutes of consecutive zeros considered 
non-wear time (Catellier et al., 2005). A minimum daily wear time of 10 hours per 
day for 2 weekdays and 1 weekend day was used (Rich et al., 2013). Physical 
activity intensities were calculated using Evenson et al. (2008) cut points, which 
have been shown to be valid and reliable determinates of activity intensity in 
children and adolescents (Trost et al., 2011). Whilst non-wear time is a significant 
problem, the use of objective measures of physical activity were chosen over self-
report due to the accuracy of measure whilst worn in comparison to self-reports of 
physical activity which require an understanding of what constitutes the differing 
intensities.  
3.5.6 Lung function 
Forced Expiratory Volume in 1 second (FEV1), Forced Vital Capacity (FVC), 
FEV1/FVC ratio, Peak Expiratory Flow (PEF), and Forced Expiratory Flow between 
25-75% of vital capacity (FEF25-75) was measured using a portable dry spirometer 
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(Alpha, Vitalograph, Buckingham, UK) with participants seated. Prior to testing on 
each day, the device was calibrated using a 3l syringe (Vitalograph, Buckingham, 
UK). All spirometric pulmonary function assessments were performed in line with 
recommendations according to American Thoracic Society guidelines (1995) and to 
the standardised protocol (Miller et al., 2005). The best of three measurements were 
taken and expressed as a percentage of the age-sex-stature predicted value 
(Rosenthal et al., 1993).  
Participants were asked to sit up straight, breathe in as deeply as possible, place their 
lips around the mouthpiece tube and, when they were instructed, “blow out” into the 
mouthpiece as hard and as fast as possible until no further air could be exhaled; this 
was explained and demonstrated before the test. Each participant was asked to 
complete 3 “acceptable” tests, requiring each exhalation to be performed within 5% 
of each other, or until respiratory fatigue which was usually deemed to be at 6 or 
more breaths; in which case, they were asked to return the following day. Due to the 
“acceptable” tests being within 5% or 150ml for FVC, whichever is greatest, the 
reproducibility at each time point should be taken into consideration when evaluating 
changes over time. Furthermore, the coefficient of variation for FEV1, FVC and 
FEV1/FVC were 25-26%, 24-25% and 8-10%, respectively, which were lower than 
previously reported by Wicher et al., 2010 (33%, 35% and 11%), but still has a large 
variation and should be considered when assessing the measure across time points. 
In addition, the standard error of the estimate for FEV1, FVC and FEV1/FVC were 
0.03-0.05, 0.04-0.07 and 0.34-0.67, respectively, far less than reported by Wicher et 
al. (2010; 0.11, 0.61 and 6.34), although this could be due to the fewer participants 
within the study.     
3.5.7 Fractional exhaled Nitric Oxide 
Fractional exhaled nitric oxide (FeNO) was measured prior to spirometric testing in 
only those adolescents with asthma. The FeNO test was performed in accordance 
with the American Thoracic Society guidelines (Dweik et al., 2011). Participants 
were asked to completely exhale and then inhale to total lung capacity through the 
device (NIOX MINO, Aerocrine AB, Solna, Sweden), before immediately exhaling 
for 10 seconds at 50 ± 5 ml·s-1. Visual and audio cues were provided by the 
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computer software throughout. One test was completed at all time-points except 
follow-up. The final three seconds of exhalation were evaluated.  
Whilst tissue biopsy is the definitive measure of airway inflammation (Wadsworth et 
al. 2011), it is highly invasive, time consuming and requires high level of expertise. 
Therefore, using a less invasive means of obtaining airway biomarkers are more 
desirable which led to the use of FeNO in the current study. Whilst FeNO is an 
expensive measure, it is the most widely used exhaled biomarker of airway 
inflammation (Wadsworth et al. 2011), is quick to use and is highly reproducible in 
individuals (Holz et al. 2009), making it useful in the longitudinal intervention study. 
As FeNO is entirely dependent on the participant, it is associated with a very large 
CV of 103% with a SEM of 3.73ppb, however, this is expected of the biomarker as 
evidence by previous research with a CV of 81% and a SEM of 9.87ppb (Moreira et 
al., 2008). Although, as there is such a large variability, this biomarker is less 
reliable for finding differences between time points. 
3.5.8 Cardiorespiratory fitness 
Cardiorespiratory fitness was estimated using the 20-metre progressive shuttle run 
test, a previously validated field measure in children (Mayorga-Vega et al., 2015). 
The measure involved continuous running between two lines 20 metres apart in time 
to recorded beeps increasing in speed throughout the test. The number of shuttles 
completed before voluntary exhaustion were recorded and compared as absolute 
number of shuttles.  
Whilst the Yo-Yo intermittent recovery level 1 test was perhaps more aligned with 
the intermittent design of the exercise intervention, the logistics of the test were 
deemed to be an issue. Indeed, the measure required a length of greater than 30 
metres which was not able to be achieved in each school’s sports hall, limiting the 
project to the 20-metre shuttle run. However, the continuous nature of the 20-metre 
shuttle run matched the design of the incremental ramp test for those in the sub-
sample measure, perhaps increasing the comparability of the two tests.  
The CV shown by the 20-metre shuttle run demonstrated large variability of the 
measure (50-54%) with a SEM of 1.2-1.9 shuttles, however this is expected as 
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shown in a previous study (CV = 48-52%, SEM = 0.42 shuttles; McNarry et al., 
2014).  
3.5.9 Questionnaires 
Questionnaires were administered in a classroom setting with the same instructions 
given for each group at each time point. Participants were able to answer within their 
own time and give their own answers. If queries arose around the questionnaire, the 
participants were able to ask for help from the research team. Internal consistency of 
each questionnaire was measured using Cronbach’s alpha coefficients (Cronbach, 
1951) in each chapter. 
3.5.9.1 Asthma control 
Asthma control was assessed using the Asthma Control Questionnaire (ACQ, 
Juniper et al., 2010) which consists of 7-items focusing on reliever inhaler use, 
symptoms and FEV1 score. Items of the ACQ were scored from 0 to 6, with ACQ 
scores of ≤0.75 or ≥1.5 indicating well-controlled and poorly-controlled asthma, 
respectively. The ACQ has been validated in children between the ages of 6 and 16 
(Juniper et al., 2010) and was found to be responsive to chance in asthma control 
with a minimal important difference of 0.52±0.45.  
Whilst there is no consensus for a gold standard of asthma control using a 
questionnaire, the addition of a physiological measure in the ACQ (FEV1) and the 
use of the questionnaire in the BTS sign guidelines for the assessment of asthma 
control in adolescents, were the reasons why the questionnaire was selected for this 
project. In addition, the GINA asthma control questionnaire did not provide a 
minimal important difference and therefore would present issues when assessing any 
changes over time in comparison to the ACQ. 
3.5.9.2 Asthma quality of life 
Symptoms, activity limitation and emotional and environmental effects of asthma 
were assessed using the Paediatric Asthma Quality of Life Questionnaire (PAQLQ, 
Juniper et al., 1996). The PAQLQ consists of 23 questions (scored on a Likert scale 
from 1 to 7), with a higher score indicative of a better asthma status. The questions 
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are divided into 3 domains of activity limitations, symptoms and emotional function. 
The minimal important difference is 0.5. 
As with the asthma control questionnaires, there are numerous quality of life 
questionnaires, however the two which were debated for this project were the 
PAQLQ and the PedsQL Asthma module. Whilst the PedsQL would possibly have 
been a better choice to compare to the quality of life questionnaire administered to 
the wider population, it lacked questions on participation in normal activities which 
were in the PAQLQ. Recall is also an important factor when administering 
questionnaires and the month period for the PedsQL asthma module was deemed too 
long in comparison to the PAQLQ. Finally the PAQLQ is the most widely used 
questionnaire (Wilson et al. 2012) so provides a better comparison to previous 
studies.  
 
3.5.9.3 Quality of life 
In addition to asthma related quality of life, a further quality of life measure was 
used to compare the participants with asthma to their healthy peers and measure any 
quality of life changes in healthy adolescents due to the intervention. The Pediatric 
Quality of Life Inventory (PedsQL) Teenager Report (Version 4.0, Varni et al., 
1999) is a widely validated measure in adolescents (Varni et al., 2006, Varni et al., 
2003, Varni et al., 2001). The 23-item PedsQL consists of questions on the 
participants’ physical, emotional, social and school functioning quality, with higher 
scores indicating a better quality of life. There are other quality of life 
questionnaires, such as KIDSCREEN (Ravens-Sieberer et al., 2005) which is also a 
valid measure (Janssens et al., 2008), however, due to the length of the questionnaire 
and limited time of the project, the PedsQL was deemed the most pragmatic choice.  
3.6 Sub-sample measures 
For each of the sub-sample exercise tests, participants were required to perform each 
test at the same time of day (± 2 hours). Participants were instructed to arrive in a 
rested and hydrated state and at least 2 hours postprandial.  
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3.6.1 Incremental ramp tests  
The incremental ramp tests were performed on an electromagnetically braked cycle 
ergometer (Ergoselect 200, Ergoline GmbH, Lindenstrasse, Germany). Whilst a 
treadmill may have matched the exercise performed in the intervention and possibly 
detected more subtle changes in the specific muscle groups, the cycle ergometer was 
selected for pragmatic reasons. Indeed, the cycle ergometer was selected as it is 
associated with a decreased movement artefact, increasing the quality of the signals 
obtained from the ECG and NIRS devices. Moreover, the cycle ergometer is able to 
make smaller changes in work rate and more closely match the target work rate 
associated with heavy-intensity for the step exercise tests. Furthermore, as the 
measures were taken in satellite labs in each school, we were unable to transport a 
treadmill to each school within the time constraints of getting all of the measures 
done.  
The handle bar height, distance from the participant and seat height were adapted to 
suit each participant. The ramp rate was individually targeted to each participant 
ranging from 12 – 24 W·min-1 in order to produce a test duration of 8 - 12 minutes 
(Buchfuhrer et al., 1983). The ramp rates were estimated from pre-baseline 
familiarisation incremental ramp tests. The incremental ramp test began with 3 
minutes of “unloaded” pedalling (0 W) followed by the predetermined ramp rate. 
Throughout the test, the participants were told to keep the cadence between 70 – 80 
rpm with a visual cue and this was verbally reinforced by the researchers if not 
adhered to. Towards the end of the test strong verbal encouragement was given by 
the researchers and the test was terminated on volitional exhaustion, defined as a 
drop in cadence > 10 rpm for five consecutive seconds. Secondary criteria for 
assessing peak V̇O2 included, respiratory exchange ratio >1.0, peak heart rate > 85% 
age predicted heart rate maximum and a rate of perceived exertion > 17 on the Borg 
scale (Armstrong & Welsman 1994).  
Adolescents with asthma have previously demonstrated a CV of 20% and SEM of 
0.07l for peak V̇O2 (van Veldhoven et al., 2001), which show similar re-test 
reliability as the current study (CV = 23.8%, SEM = 0.08l). 
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3.6.2 Step Exercise Tests 
The step exercise tests were performed on the same equipment as the incremental 
ramp test and the handlebar height, distance and saddle height were adjusted to 
match the participants previously recorded measures for that specific time point. The 
study employed heavy-intensity work rate for the step tests for numerous reasons: i) 
It most closely matched the high-intensity nature of the intervention whilst still being 
tolerable in comparison to severe-intensity, which might not provide a sufficient 
duration for analysis; ii) there is a greater amount of literature to compare it to for 
both training and youth; iii) it requires fewer transitions than moderate-intensity due 
to the higher signal to noise ratio and iv) due to the intensity being above GET, the 
slow component is observable. The step exercise tests involved 6 minutes of 
unloaded pedalling (0 W), followed by an abrupt transition to a heavy-intensity work 
rate calculated as 40% of the difference between the GET and peak V̇O2 (Δ40%) for 
6 minutes. During the cycling, a cadence of 70-80rpm was required. Each participant 
completed 3 transitions, each separated by 24 hours at each time point. The 95% 
confidence intervals associated with the V̇O2 time constant for the three transitions 
were within ±5 seconds, satisfying the criteria proposed by Fawkner at al. (2007).  
The test-retest reliability of the V̇O2 response to a step change in heavy-intensity 
exercise was assessed and revealed a CV of 16-22% and SEM of 1.3-2.1s. These 
results were similar to, but perhaps slightly better than, data reported in previous V̇O2 
kinetics time constant CV of 28% and SEM of 2.8s (Marwood et al., 2010).  
3.6.3 Measurement of gas exchange parameters 
For both the incremental ramp and exercise tests, gas exchange variables were 
measured on a breath-by-breath basis (Jaeger Oxycon Mobile, Jaeger, Hoechberg, 
Germany) using a facemask with low dead-space connected via an impeller turbine 
assembly (Jaeger Triple V, Hoechberg, Germany). Gas analysers were calibrated 
prior to each test with gases of known concentrations (15.0% O2 and 5.0% CO2) and 
the turbine volume transducer was calibrated using a built-in function calibrated 
using a 3l syringe (Hans Rudolph, Kansas City, MO). The analyser also recorded 
ambient air temperature and pressure prior to each test. The volume and 
concentration signals were time-aligned by accounting for the delay in capillary gas 
64 
 
transit and analyser rise time relative to the volume signal. The inspired and expired 
gas volumes and concentration signals were continuously sampled at 100 Hz.  
Breath-by-breath V̇O2 measurements during peak V̇O2 measures using the Oxycon 
mobile have been reported to be reproducible, with coefficients of variation ranging 
from 3.4-6.3% (Carter & Jeukendrup, 2001, Rosdahl et al., 2010).  
3.6.4 Measurement of cardiac parameters  
Heart rate was recorded continuously during both the incremental and step exercise 
tests at a sampling frequency of 250Hz (Physio Flow PF-05 Lab1, Manatec 
Biomedical, France). Physio Flow was used instead of the standard Polar heart rate 
monitors as for the wider project, heart rate variability was measured which required 
a six-lead system.  
3.6.5 Measurement of muscle oxygenation parameters  
The oxygenation status of the right m.vastus lateralis was also monitored during 
each step exercise test to non-invasively assess the deoxygenated haemoglobin 
([HHb]) dynamics using near-infrared spectroscopy (Portamon, Artinis Medical 
Systems, Netherlands). The Portamon device consisted of three light sources 
emitting two wavelengths (760 and 850 nm) and a photon detector. The reflected 
light was recorded continuously at 10Hz and used to estimate [HHb]. The changes in 
the deoxygenation signal indicate changes in local O2 extraction kinetics (Koga et 
al., 2012). The Portamon device was placed at the midpoint of the muscle using 
micropore tape (3M, Maplewood, MN); to minimise movement and the interference 
of extraneous light, a bandage was wrapped around the Portamon device and leg. 
The Portamon device has been reported to produce acceptable reproducibility 
estimates (Shadgan et al., 2009). 
3.6.6 Determination of the gas exchange threshold and Δ40% work rate 
The GET was determined from the incremental ramp test using the V-slope method 
(Beaver et al., 1986) which assesses the point at which carbon dioxide production 
begins to increase disproportionately to V̇O2. To identify the GET a purpose 
designed software developed using LabVIEW (National Instruments, Newbury, UK) 
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was utilised. The first 60 seconds of the data was excluded following the 
commencement of the ramp function and any data past the respiratory compensation 
point was removed. A plot of V̇CO2 against V̇O2 was produced and the GET was 
identified as the intersection point between the two regression lines, which was then 
displayed graphically and visually confirmed by the researchers.  
Subsequently, the work rate for heavy-intensity domain was calculated from the 
GET. The work rate that would elicit 40% of the difference between GET and peak 
V̇O2 (Δ40%) was determined, accounting for the mean response time for V̇O2 during 
ramp exercise (i.e., two thirds of the ramp rate was deducted from the work rate at 
the GET and peak (Whipp et al., 1981)). 
3.6.7 Analysis of V̇O2 response to step exercise tests 
Breath-by-breath V̇O2 responses were first examined using a 5-second moving 
average to identify and remove any errant breaths caused by coughing, swallowing, 
sighing, for example, which were more than four standard deviations from the local 
mean. Each transition was then interpolated to 1-second intervals, time-aligned to the 
start of exercise and averaged to produce a single response profile for each time-
point to improve the signal to noise ratio. 
To remove the influence of the cardiodynamic phase (phase I) on the analysis of the 
V̇O2 response, the first 15 seconds of the response to the heavy-intensity exercise 
were excluded. Only 15 seconds were removed as in children and adolescence the 
response to exercise is shorter in comparison to adults (~20 seconds) on the basis of 
findings of Hebestreit et al. (1998), Springer et al. (1991) and Fawkner et al. (2002). 
Each step exercise profile was then corrected for baseline V̇O2 and a mono-
exponential model applied (Equation 3.4):  
 
Equation 3.4.  
  
𝑌(𝑡)  = 𝐴1(1 − 𝑒
−(𝑡−𝛿1)/𝜏1) 
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Equation 3.5.  
𝑌(𝑡)  = 𝐴1(1 − 𝑒
−(𝑡)/𝜏1) 
 
where Y is the increase in the parameter (V̇O2, [HHb] and HR) at time t above the 
baseline value (calculated as the mean of the first 45-seconds of the last minute of 
baseline pedalling). A1, δ1 and τ1 are the primary component amplitude, time delay 
(which was allowed to vary freely), and time constant, respectively. Variables 
derived from the mono-exponential (A1, δ1 and τ1) and their 95% confidence 
intervals were determined by least squares non-linear regression analysis (Graphpad 
Prism, Graphpad Software, San Diego, CA). A mono-exponential model was 
selected as a bi-exponential model was found to produce an ambiguous fit to the 
data. Purpose-designed custom software was then used to iteratively fit a single-
exponential function to the V̇O2 data until the window encompassed the entire 
exercise response. The resulting phase II time constants were plotted against time to 
identify the point at which the phase II time constant consistently deviated from the 
previously “flat” profile providing the start time of the slow component (Fawkner & 
Armstrong, 2004b). The amplitude of the V̇O2 slow component was determined as 
the difference between the V̇O2 at end of phase II and at end exercise (t=360) and 
presented in absolute terms and as a percentage of end exercise V̇O2. Finally, the 
mean response time (MRT) was calculated by fitting equation 3.5, from t=0 to 
t=360. 
3.6.8 Analysis of the heart rate and [HHb] response 
The [HHb] and HR responses to the step exercise tests were modelled using a mono-
exponential function. Each transition was interpolated to 1-second intervals, time-
aligned to the start of exercise and averaged to produce a single response profile for 
each measurement time-point. The [HHb] data were baseline averaged, expressed as 
a percentage of end exercise amplitude and then averaged into 5-second time bins. 
The [HHb] was modelled using Equation 3.4 with the time delay identified as the 
time after exercise onset at which [HHb] began a systematic increase above the nadir 
value (Murias et al., 2016). The mono-exponential function was fitted between the 
identified time delay and time at which end of phase II was identified by the mono-
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exponential model of the V̇O2 kinetics. The HR response was modelled by both 
Equations 3.4 and 3.5, as per previous research (McNarry et al., 2017, Murias et al., 
2010); however, Equation 3.4 was selected for analysis as it was deemed the superior 
fit for 91% of transitions (Graphpad Prism, Graphpad Software, San Diego, CA). 
The model was fitted between t=0 and t=360. The [HHb] time delay and time 
constant were subsequently summed to give the MRT. Additionally, to assess the 
fractional O2 extraction and O2 delivery, the [HHb]/ V̇O2 ratio was calculated 
(Murias et al., 2011). Both [HHb] and V̇O2 data were normalised for each 
participant, with the V̇O2 left-shifted by 15s to account for the cardiodynamic phase 
(Murias et al., 2010). Values found to be greater than 1.0 reflect a greater reliance on 
fractional O2 extraction and a poorer local O2 delivery relative to muscle O2 
utilisation compared with the exercise steady-state (values = 1.0). Each of the data 
sets were then averaged into 5s time bins and the ratio of [HHb]:V̇O2 calculated for 
each time bin. Subsequently, the average of all the individual time bins was 
calculated to produce an overall “mean” ratio. 
3.6.9 Allometric scaling 
To account for body size, analysis of covariance (ANCOVA) was used to determine 
the allometric relationship between peak V̇O2 and body mass using log transformed 
data. Common allometric exponents were confirmed for the data and power function 
ratios (Y/Xb) were computed. 
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CHAPTER 4 
PERCEPTIONS OF ASTHMA AND 
EXERCISE IN ADOLESCENTS WITH 
AND WITHOUT ASTHMA 
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Chapter 4: Perceptions of asthma and exercise in adolescents with and without 
asthma 
 
This Study has been disseminated as follows: 
Publication: Winn CON, Mackintosh KA, Eddolls WTB, Stratton G, Wilson AM, 
Rance JY, Doull IJM, McNarry MA, Davies GA. Perceptions of asthma and exercise 
in adolescents with and without asthma. Journal of Asthma. 2017:30,1-9. 
Oral presentation: Winn CON, Mackintosh KA, Eddolls WTB, Stratton G, Wilson 
AM, McNarry MA, Davies GA (2016). Perceptions of asthma and exercise in 
children and adolescents. Asthma UK Centre for Applied Research Annual Scientific 
Meeting; Edinburgh, UK  
4.1 Introduction 
Asthma is one of the most common chronic diseases in children in the UK (Wanrooij 
et al., 2014). The benefits associated with exercise are well-recognised for healthy 
children, with additional benefits, such as reduced symptoms and severity (Andrade 
et al., 2014), for those with asthma. However, whilst some children with asthma 
recognise that regular exercise is associated with improved control of their asthma 
and enhanced physical self-perceptions (Chiang et al., 2006), exercise participation 
has been cited in some studies as lower in those with asthma compared to their 
healthy peers (Glazebrook et al., 2006, Lang et al., 2004). Indeed, the attribution of 
normal symptoms of physical exertion to symptoms of asthma is a common 
misconception (Rietveld et al., 2010, Williams et al., 2010), which, when 
exacerbated by a lack of fitness (McNarry et al., 2014a), leads to a greater 
manifestation of the apparent symptoms of asthma, resulting in further avoidance of 
exercise and a vicious negative cycle. 
Commonly cited barriers to exercise for adolescents include time constraints, school 
work and lack of interest (Tappe et al., 1989); with additional barriers, such as fear 
of asthma symptoms, in those with asthma (Rudell et al., 2012). Despite conflicting 
70 
 
literature on fitness levels (Philpott et al., 2010; McNarry et al., 2014a; Berntsen et 
al., 2009), there is a perception that children with asthma are less physically able 
than their healthy peers (Sawyer & Fardy, 2003), potentially reflecting a lack of 
understanding rather than true disease-related physiological limitation. Teachers 
report that they have limited confidence when engaging children with asthma in 
exercise and encourage them towards musical instruments rather than physical 
pursuits (Thornton, 1997). This perception is frequently reinforced by parents who 
restrict their children’s activities to minimise potential detrimental risks of asthma 
(Callery et al., 2003, Dantas et al., 2014). These actions are likely to contribute to the 
feelings of ostracization often cited by those with asthma, with some children 
deliberately “struggling through” exercises with their healthy peers to avoid social 
isolation (Protudjer et al., 2012) and being identified as different (Trollvik et al., 
2011).  
Although numerous studies have described the perceptions of those with asthma 
regarding their ability to exercise and their perceived barriers and facilitators 
(Jonsson et al., 2014, Walker & Reznik, 2014), there is little information on the 
perceptions of their healthy peers, which may impact participation. Furthering our 
understanding of the perceptions of those with and without asthma is fundamental to 
the design of interventions to increase exercise in adolescents with asthma, thus 
breaking the vicious negative cycle of exercise avoidance (Ram et al., 2005). 
Frequently reported barriers to exercise interventions revolve around poor adherence 
due to monotony and sustainability, for continuous aerobic exercise (Coquart et al., 
2008), and high-intensity exercise interventions, respectively (Logan et al., 2014). It 
is noteworthy that no studies to date have sought input from adolescents with asthma 
themselves with regards to the intervention design and implementation.  
The primary aim of this study was therefore to elicit views of adolescents, with and 
without asthma, about exercise and asthma, and the perceived benefits of and 
barriers to participation. The secondary aim was to inform the design of and co-
develop a high-intensity interval training intervention described in Chapter 6 and 7.   
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4.2 Methods 
4.2.1 Participants 
Fifteen secondary schools in the UK were invited, as part of the wider randomised 
control trial (the X4A trial: eXercise for Asthma with Commando Joe’s), to 
participate in an exercise intervention with the aim of improving asthma symptoms 
and quality of life. Subsequently, one school was randomised to the intervention arm 
and four schools to the control arm of the study. The current Chapter describes a 
qualitative study that was conducted using semi-structured group interviews of 
adolescents with and without asthma. Ethical approval was granted by the 
institutional research ethics committee (ref: PG/2014/29). 
Five hundred and eighty five adolescents from the intervention school were eligible 
to participate (aged 11-14 years) in the exercise intervention, of which 223 (48 with 
asthma; 24 boys) provided written parental consent and child assent (see appendix 
A). Using stratified randomisation, a subsample of 60 adolescents, split by age, sex 
and asthma, were selected to participate in formative group interviews. Three school 
year groups were used (11-12 years, 12-13 years and 13-14 years) with ten 
adolescents with and ten without asthma from each, with an even split of sex (n = 
60). From the 60 selected participants, six were absent on the day, and therefore 26 
and 28 participants with (4 overweight, 4 obese) and without asthma (3 overweight, 
2 obese), respectively, attended the interviews (13.1 ± 0.9 years). Of the 26 with 
asthma, severity was classified as intermittent and mild persistent (88%) and 
moderate and severe (12%) according to GINA criteria (Global Initiative for 
Asthma, 2017).   
4.2.2 Study design 
For the first experimental chapter, a qualitative approach was chosen to acquire an 
understanding of both those with and without asthma’s perceptions on asthma and 
exercise and to inform the design of a HIIT intervention. Data have been collected 
by means of group interview and the study design is based on grounded theory 
(Glaser & Strauss, 1967). Grounded theory is ideal for identifying categories, 
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creating links and establishing relationships between them and provides an 
explanatory framework with which to understand the outcome (Crooks, 2001). This 
research process allows an interpretation of the raw data of group interview 
transcripts to emerge as themes via coding the transcripts. The questions were 
designed to elicit perceptions and ideas on high-intensity interval training and how 
best to implement this aimed at adolescents with asthma whilst still appealing to 
their peers. High-intensity interval training had previously been chosen to be 
implemented and the interviews were used to further develop the design of the 
intervention.  
4.2.3 Procedures 
Thirteen semi-structured group interviews consisting of 3-5 adolescents were 
conducted separately grouped by age and condition. The group interviews were 
performed in a quiet area of the school to avoid interruption; the interviews lasted 
30.9 ± 3.2 minutes. Interviewers were all conducted by the same researcher (William 
Eddolls) for consistency, who was known by the participants, providing an interview 
environment in which the adolescents could speak honestly and freely about their 
perceptions (Hennessy & Heary, 2005). Group interviews with adolescents have 
been found to be a viable method for exploring perspectives provided the groups are 
small (i.e., 3-5 participants, Gibson, 2007, Horner, 2000). The small group sizes 
alleviate issues associated with group interviews with adolescents such as controlling 
or managing the groups. In addition, when using group interviews certain 
participants may be hesitant to express their ideas, however, these groups were 
stratified by academic year group and split for asthma and non-asthma so that 
younger participants/participants with asthma did not feel intimidated within their 
group. Questions were structured around adolescents’ knowledge, attitudes and 
beliefs towards asthma and its impact on exercise participation and life. The 
questions were designed to elicit the adolescents’ perceptions of asthma and 
exercise, with questions in the asthma groups relating to themselves and others with 
asthma, and questions in the groups without asthma relating to their perceptions of 
those with asthma. Each group were also asked questions relating to the design of the 
high-intensity interval training intervention in which they were to participate. 
Participants were not limited to one answer per question and therefore the figures are 
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not limited to 51 responses to the same theme. The number of participants recruited 
was based on previous qualitative work (Protudjer et al. 2012). Data saturation was 
deemed when analysing the interviews, no new themes were observed, whilst 
mounting instances of the same themes were given (Urquhart, 2013). Sample 
interview questions are presented in Table 4.1. All interviews were recorded using a 
digital recorder (Galaxy S7 Edge, Samsung) and were transcribed verbatim.  
4.2.4 Data analysis 
The transcribed data were thematically analysed in a deductive manner and 
presented via diagrams of key emergent themes (pen profiles), which are considered 
appropriate for representing findings from large data sets in a manner understandable 
to both qualitative and quantitative researchers (Mackintosh et al., 2011, Ridgers et 
al., 2012). The pen profiles were independently constructed by both myself (Charles 
Winn) and co-author (Dr. Kelly Mackintosh) prior to discussion on key themes, 
issues and findings (O'Dea, 2003). Following initial analyses, both authors presented 
the pen profiles to co-author (Dr. Melitta McNarry) for co-operative triangulation, 
whereby the data was cross-examined in reverse from pen profile to transcripts until 
a general consensus was reached. This process was repeated, allowing all authors to 
offer alternative interpretations of the data, until a final acceptable consensus had 
been reached.   
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Table 4.1. Example interview questions 
Group interview Example questions 
Asthma What is asthma? 
What do you think people without asthma get wrong or don’t 
understand? 
How does asthma affect your general life?  
How does your asthma affect you when participating in 
exercise?  
How do you manage your asthma during exercise? 
What activities do you find particularly difficult with asthma? 
Do you have any particular worries about exercise and asthma 
and why? 
Without asthma What is asthma? 
How do you think asthma might affect a person's general life? 
How do you think exercise affects people with asthma?  
How do those with asthma manage it? 
Do you think those with asthma have any particular worries? 
Do you think people with asthma take part in as much physical 
activity as you, and why? 
HIIT Intervention – 
Both with and 
without asthma 
What do you most enjoy doing? 
What physical activity do you do? 
What is your least favourite activity to participate in? 
What do you think high-intensity interval training is? 
What type of activities do you think would get your heart rate 
up high but be enjoyable?  
How difficult do you think high-intensity interval training will 
be and why? 
Where do you like to participate in exercise and what time of 
the school day would you like to participate?  
What could stop you from being able to participate in the 
exercise sessions? 
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4.3 Results 
Participants quotes are labelled in text by sex (B=boy, G=girl). 
4.3.1 Participants with asthma  
Key emergent themes have been structured around control, impact, perceptions and 
exercise (Figure 4.1). The group interviews revealed that the majority of adolescents 
with asthma controlled their condition using an inhaler (78%). Other participants, 
and indeed those who could not access their inhaler during asthmatic symptoms, 
suggested altering their breathing pattern as a mechanism to control their asthma. 
Only one person highlighted taking their inhaler prior to an activity as a control 
strategy.  
Asthma was found to impact adolescents during school and/or in a social context. 
For example, participants felt that their asthma restricted them whilst they were with 
their friends,  
“I just want to keep up but then I can't” B4,  
or resulted in them being left out altogether. Furthermore, some adolescents even 
reported struggling when laughing with their friends,  
“I can’t laugh a lot, it’s really hard” G1.  
Symptoms of asthma experienced at night resulted in poor sleep quality and 
consequently impacted on social aspects and a lack of concentration in school.  
Poor school attendance due to asthma symptoms and doctors’ appointments was 
reported, with particular focus on reducing their involvement, or participation, in 
physical education (PE) lessons. The majority of the participants alluded to their 
healthy peers having a lack of understanding of their condition and often 
misinterpreting situations. Specifically, those with asthma felt that they were often 
perceived as lazy or that they used their condition as an excuse,  
“they think it might just be like an excuse” B3.  
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Figure 4.1. Adolescents with asthma – pen profile of perceptions of asthma 
and exercise 
B = Boy; G = Girl; PE = Physical education 
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Some participants reported being told to:  
“get on with it” B3  
by their healthy peers. Finally, some reported that healthy peers failed to appreciate 
when it was their asthma symptoms limiting them,  
“they just misjudge everything, they think that you can do it when you can’t” 
B2.  
Whilst some adolescents with asthma did acknowledge that they sometimes used 
their asthma as an excuse,  
“When I don’t want to do something I use it as an excuse” G4, 
a more common perception was one of fear of exercise inducing an asthma attack 
leading to decreased participation,  
“I do prevent myself from doing activity because I feel that I’m scared to 
have an asthma attack” G3. 
In contrast, some reported that having asthma actually acted as a facilitator to 
exercise by increasing their competitiveness to show that they are not affected by 
their condition, 
“I just want to do as much as everyone else” G2. 
Moreover, six of the participants found that being ‘fitter’ reduced their asthma 
symptoms and therefore used exercise as a way to improve their health.  
4.3.2 Participants without asthma 
Similar to participants with asthma (Figure 4.1), key emergent themes have been 
structured around control, impact, perceptions and exercise (Figure 4.2). Those 
without asthma were less sure about how asthma is controlled; 39% demonstrated 
knowledge of the use of inhalers and 11% suggested altering breathing as a form of 
asthma control. Similarly, healthy counterparts were also less clear on the impact of 
asthma on school and social life, only recognising the burden of carrying an inhaler 
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and factors such as worrying about having an asthma attack. Eight adolescents 
without asthma (29%) believed that asthma had no effect on social or school life,  
“they've got their pump, it shouldn't really affect anything” G12.  
Despite some thinking there was no effect, others noticed the issues during PE,  
“they slow down, take their pumps and then get going again” B23.  
School attendance was also noted as a potential issue for upcoming exams,  
“they have to leave the class … they can't afford to miss out on work” B16. 
Two of the group had a complete lack of understanding of the condition, with five 
more not providing an answer to ‘what is asthma?’ Adolescents who had some 
understanding outlined breathing difficulties (68%) and reduced lung function (14%) 
as characteristics of asthma. Indeed, breathing difficulties were outlined as one of the 
main barriers to exercise for adolescents with asthma,  
“they can’t breathe properly” G16.  
along with stopping often to take breaks (46%). These breaks were perceived by 
others as laziness, using asthma as an excuse to avoid certain activities, especially in 
girls,  
“many girls use it as an excuse because they don't want to have PE” G12  
and as an excuse to avoid trouble, such as forgetting their kit. Other cited potential 
barriers included fear of asthma attacks (14%) and not being able to participate in as 
much exercise (21%). Participants without asthma perceived there to be relatively 
few facilitators of exercise in comparison to their peers with asthma, citing only 
health benefits (18%). 
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Figure 4.2. Adolescents without asthma – pen profile of perceptions of 
asthma and exercise 
B = Boy; G = Girl; PE = Physical education 
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4.3.3 Views on an exercise intervention 
In response to the icebreaker question (‘what is your favourite thing to do?’), 77% of 
participants referred to some form of exercise, irrespective of asthma status (81% of 
those with asthma). Emergent themes are structured around activity type, high-
intensity interval training (HIIT), logistics and barriers (Figure 4.3).  
All of the adolescents participated in some form of exercise; 38 in individual sports, 
37 in team sports and 7 in dance. The participants identified five main categories of 
activity type as enjoyable, with team games widely stated as the most enjoyable 
(76%). Due to its popularity, running was categorised separately to other individual 
sports, with suggestions that this activity type, particularly sprinting, was good to 
include given its simplicity. Obstacle courses and circuits were both mentioned as a 
way of implementing many different activities within the same session,  
‘because it’s a range of things. People might find some easier than others 
and others might find it hard’ G8.  
Some of the participants with asthma (n=4) raised the need for breaks within the 
exercise in order for them to catch their breath or,  
“take your pump if you need to” B1.  
High-intensity interval training was described by the majority as being hard work. 
Interestingly, the perceptions of HIIT difficulty were vastly different between those 
with and without asthma; only three of those with asthma thought that the difficulty 
would vary, with thirteen of those without asthma thinking that, 
“it depends on what sort of exercise you do” B26. 
In contrast to participants with asthma who perceived HIIT to be difficult 
specifically due to their asthma, their healthy counterparts attributed difficulty to a 
type of training their bodies are not used to,  
“so like you’re just instantly in something and it will be difficult” B20.  
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Due to the structure of the school day, the adolescents were only able to participate 
in the exercise intervention out of school hours, resulting in a split for delivering the 
intervention before or after school, citing barriers such as after school activities. The 
majority of the participants would have preferred if the sessions were run outdoors 
(61%), with 22% of participants asking for a combination of both indoor and outdoor 
activities, dependent on type of activity and weather. 
A range of barriers to future exercise interventions were reported, such as illness or 
injury, or clashes with other activities, such as homework or paid work. The data 
revealed that 35% of the participants believed that those with asthma did not 
participate in as much exercise as their healthy peers, 48% perceived them to 
participate in the same amount and the remaining 17% believed that it was 
dependent on the activity in question. Lack of enjoyment of both team and individual 
sports was alluded to as one of the main barriers, contradicting previous activity 
choices. Running was specifically highlighted as a form of exercise that some 
participants without asthma found to be boring, and those with asthma reported 
difficulty breathing when running. In contrast to sprints, which were mentioned as an 
enjoyable activity type, long distance type running was cited as a barrier which the 
majority of asthma sufferers said they would find difficult. Being pushed too hard in 
the sessions was also mentioned as a barrier as it would decrease adherence to the 
intervention.  
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Figure 4.3. Pen profile of adolescents’ perceptions of an exercise 
intervention 
B = Boy; G = Girl; PE = Physical education   
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4.4 Discussion 
The primary aim of this study was to elicit perceptions about asthma and exercise 
from adolescents with and without the condition and to compare their perceived 
benefits and barriers to participation. Data were analysed thematically and presented 
using pen profiles, facilitating more accessible qualitative data for quantitative 
researchers and reducing the likelihood of skewed themes through dominating 
individuals in the interviews (Mackintosh et al., 2011). The second aim of the study 
was to inform the design, the content and delivery to co-develop the school-based, 
high-intensity interval training intervention (Chapter 6 & 7), the X4A trial: eXercise 
for Asthma with Commando Joe’s, which was achieved using a representative 
sample across the ages within the planned intervention.  
There are many known benefits of exercise for those who suffer from asthma 
(Mancuso et al., 2013, Philpott et al., 2010); however, only 23% of participants with 
asthma and 18% of those without asthma were aware of the potential health benefits 
of exercise in asthma. Previous research documents the lack of knowledge of the 
benefits of exercise (Haughney et al., 2004) and therefore further education is 
required. Asthma guidelines highlight physical training as part of asthma 
management, with appropriate precautions for exercise-induced asthma (British 
Guideline on the Management of Asthma, 2008). Exercise reduces the symptoms 
and severity of asthma (Andrade et al., 2014) and, as lung function and wheeze in 
those with asthma are not adversely affected by exercise with appropriate treatment, 
there is no reason why they should not participate regularly (Ram et al., 2005).  
Adolescents with asthma perceived that their healthy peers lacked understanding 
about the limiting effect of their condition on exercise, and that they use their 
condition as an excuse to be lazy. This perception of laziness and lack of 
understanding about asthma was confirmed by those without asthma. A minority of 
adolescents with asthma admitted to using their condition as an excuse, in contrast to 
previous research (Protudjer et al., 2012). These perceptions and misconceptions 
must be addressed through improved education about asthma and its implications for 
daily life and exercise. Indeed, two adolescents with asthma misjudged others with 
asthma, demonstrating a lack of understanding of their own condition. Only one 
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person highlighted taking their inhaler prior to an activity as a control strategy 
suggesting a need for improved education to manage exercise-induced symptoms. 
Exercise participation rates of those with and without asthma are considered to be 
conflicting, with suggestions that adolescents with asthma participate in more 
(Ownby et al., 2007, Weston et al., 1989), less (Lang et al., 2004, Taylor & 
Newacheck, 1992) or equivalent levels of exercise to their healthy counterparts 
(Nystad, 1997, van Gent et al., 2007, Walders-Abramson et al., 2009). While the 
Chapter does not specifically address levels of exercise participation, adolescents 
with asthma were not perceived to engage in higher levels of exercise in comparison 
to their healthy peers, with most (48%) stating that participation was similar or 
reduced (35%). In an attempt to demonstrate that their condition does not negatively 
affect them, competitive motivation to outperform their healthy peers, was found to 
be a facilitator to 15% of adolescents with asthma, albeit more in terms of the 
intensity rather than volume of exercise (Trollvik et al., 2011). Participants without 
asthma discussed a wide range of barriers of asthma to exercise with relatively few 
facilitators, with fear of having an asthma attack identified as the main barrier by 
participants, irrespective of their asthma in agreement with a previous study 
(Williams et al., 2010). Despite fear of asthma attacks, 81% of those with asthma 
stated that their favourite activity was exercise mirroring previous findings of 
Fereday et al. (2009), demonstrating that these individuals overcome their fear in 
order to exercise.   
Asthma has been previously found to impact on social (Nocon, 1991) and academic 
life (Tsakiris et al., 2013), often resulting in isolation (Trollvik et al., 2011). In 
contrast to previous studies where those with asthma reported being bullied or 
ignored due to their perceived limited physical capabilities (van den Bemt et al., 
2010), adolescents with asthma in the present study did not report any form of 
bullying, although this was not directly asked. However, it is possible bullying 
would not have been raised in a group situation. School attendance was only 
discussed by two participants with asthma, although as suggested by van den Bemt  
et al., (2010) this may be due to the participants not perceiving absence from school 
as a negative factor; participants without asthma thought that poor school attendance 
may affect their upcoming exams, agreeing with previous findings (Nocon, 1991). 
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As with previous research (Turner-Warwick, 1989), a lack of sleep due to asthma 
symptoms at night negatively impacted on subsequent social situations and 
concentration in school.  
The adolescents reported participating in a variety of physical activities; the vast 
majority (76%) liked the idea of team games, such as rounders, football or netball, 
which were commonly suggested by the participants, being incorporated into future 
interventions. Interestingly, there were no differences in type of activities suggested 
by those with and without asthma, with the exception of running, which was 
recommended by more adolescents without asthma. Almost half suggested obstacle 
courses or circuits to ensure a variety of different activities in each session, which 
might prevent burnout and boredom, and increase enjoyment during the sessions 
(Wilson et al., 2005). Indeed, this variation was suggested as a tool to divert 
attention away from the fear of an asthma attack and increase adherence to the 
exercise programme. Intermittent activities were suggested by four adolescents with 
asthma in order to catch their breath or take their medication. Given that it takes 
approximately 7.75 minutes of continuous exercise to elicit bronchoconstriction (van 
Leeuwen et al., 2011), intermittent activities may potentially reduce symptoms.  
Participants with asthma generally thought that HIIT was difficult; this may be due 
to past experiences and potentially poor asthma control. Whilst asthma should not 
interfere with exercise if well controlled (Lucas & Platts-Mills, 2005), congruent 
with previous research (van den Bemt et al., 2010), adolescents with asthma 
highlighted that their running ability was limited, impeding participation in the 
majority of sports. The current study, however, revealed that it was not running per 
se, but specifically long distance running that was difficult for those with asthma and 
therefore sprints could still be used within intervention sessions, also facilitating 
regular breaks.  
Whilst the present findings significantly advance our understanding of the 
perceptions of those with and without asthma regarding exercise participation, and 
the ideal constituents for future interventions, it is perhaps pertinent to note the 
potential influence of self-selection bias on our findings. Indeed, as this study 
selected participants from those who assented to an exercise intervention study, they 
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may not be a representative sample of the general adolescent population; for 
example, when asked what their favourite activity to participate in (81% of 
participants stated exercise), the response was perhaps unusual in the age group. 
Such a self-selection bias would, however, be anticipated in any voluntary exercise 
intervention. Further work is required that focusses on the engagement of those with 
particularly low levels of physical activity. Furthermore, the positive outcomes of the 
present study may be under-represented as the participants in each group often tried 
to give answers that had not already been expressed. It is also important to highlight 
that the interviews were conducted in the summer and therefore answers to the 
preferred location of an intervention, time of day and types of sport may have 
reflected this. Contrary to previous research, parent interviews were not used in the 
present study as it was believed that it is the adolescents’ engagement that is required 
for the sustainability of an intervention. Moreover, parents’ perceptions of exercise 
and asthma have been found to be less accurate than their children with the condition 
(Panditi & Silverman, 2003). 
4.5 Conclusion 
Educating adolescents about asthma could simultaneously aid in reducing 
stigmatisation and increasing the awareness of exercise-related health benefits, 
including better asthma control. Whilst participants with asthma reported a fear of 
undertaking exercise, it was still highlighted as their favourite activity, 
demonstrating promise for both future exercise interventions and the high-intensity 
interval training intervention of this thesis (Chapter 6 & 7). Employing an inclusive 
exercise approach appears feasible given the similarity in activity choices between 
those with and without asthma. High-intensity, intermittent, varied exercise was 
highlighted as potentially effective at avoiding bronchoconstriction, distracting those 
with asthma from their preconceptions regarding exercise, yet ensuring enjoyment.   
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Thesis study map  
 
Chapter 4 
Aims 
- To elicit the views of adolescents, with and without asthma, about exercise 
and asthma, and the perceived benefits of, and barriers to, participation 
- To inform the design of a high-intensity interval training intervention to 
improve asthma control 
Key findings for future chapters 
- Adolescents fear exercise although it is one of the favourite activities 
- The intervention should be varied to avoid activity specific anxieties  
- The intervention should be intermittent to allow those with asthma to “catch 
their breath or take their medication” 
 
Study 1 
Perceptions of asthma and 
exercise
Study 2
Asthma, Body 
mass, fitness
Study 3
HIIT intervention 
effect on asthma
Study 4
V̇O2 kinetics, 
asthma, HIIT
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CHAPTER 5 
INVESTIGATING THE 
RELATIONSHIP BETWEEN ASTHMA, 
BODY MASS AND AEROBIC FITNESS 
IN ADOLESCENTS 
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Chapter 5: Investigating the relationship between asthma, body mass and 
aerobic fitness in adolescents 
This Study has been disseminated as follows: 
Poster presentation: Winn CON, Mackintosh KA, Eddolls WTB, Stratton G, Wilson 
AM, McNarry MA, Davies GA (2015). The x4a study: the eXercise for asthma 
study. Swansea University Medical School Postgraduate conference; Swansea, UK 
5.1 Introduction 
The prevalence of asthma in the UK has dramatically risen over the last few decades 
(Asthma UK, 2017). This increase in asthma prevalence has been accompanied by a 
concurrent increase in obesity (Delgado et al., 2008, Townsend et al., 2013) and 
decrease in physical activity levels (Berntsen et al., 2016, Lang, 2014). Indeed, 
although the mechanisms and directionality remain unclear (McNarry et al., 2014a), 
recent studies have reported an association between asthma, obesity and fitness 
(Chen et al., 2013, McNarry et al., 2014a, Papoutsakis et al., 2013), with some 
studies even proposing a new phenotype of asthma related to a lack of 
cardiorespiratory fitness and/or physical activity. Indeed, as identified in Chapter 4 
adolescents with asthma fear asthma attacks and consequently withdraw from 
exercise which could be related, at least in part, to a reduced cardiorespiratory fitness 
and physical activity.  
Despite the importance of physical activity and exercise as tools to ameliorate 
asthma symptoms, current evidence regarding the fitness levels of those with asthma 
is equivocal, with some studies finding those with asthma to have poorer fitness 
(McNarry et al., 2014a, Vahlkvist & Pedersen, 2009, Villa et al., 2011), whilst others 
show no difference between those with asthma and their healthy peers (Berntsen et 
al., 2009, Pianosi & Davis, 2004, Santuz et al., 1997). These discrepancies may be 
due to the estimation of cardiorespiratory fitness from field-based measures which 
are subject to significant inaccuracies dependent on self-motivation and peer 
influence (Cairney et al., 2008). Moreover, even in studies which have utilised peak 
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oxygen uptake (V̇O2) as a measure of cardiorespiratory fitness, the applicability of 
this measure to functional capacity during activities of daily living has been 
questioned (Jones, 2006, Matos & Winsley, 2007). Indeed, differences between 
those with and without asthma may be detected using other parameters of aerobic 
fitness (Lucia et al., 2002). As asthma affects the airways, this may cause 
derangements in the O2 delivery, subsequently increasing the mean response time to 
exercise (V̇O2 kinetics). Moreover, if adolescents experience an increased O2 
delivery does this potentially increase the total O2 cost of exercise (V̇O2 gain); these 
questions can be answered with more detailed analysis of the submaximal 
parameters of cardiorespiratory fitness which are currently lacking from the 
literature. Furthermore, whilst insufficient physical activity has been suggested to be 
causatively associated with asthma, physical activity has largely been assessed 
through self-report questionnaires, which are poorly correlated with objective 
measures (Tsai et al., 2012).  
There is a strong positive correlation between cardiorespiratory fitness and physical 
activity among adolescents with asthma (Garfinkel et al., 1992). Moreover, there is a 
strong negative relationship between physical activity and obesity (Walders-
Abramson et al., 2009). Each of these factors have previously been shown to be 
related to asthma occurrence, but no study to date has attempted to elucidate the 
relationships between asthma, fitness, physical activity and obesity.  
Therefore, the aim of the present study was to investigate the influence of asthma on 
the submaximal and maximal parameters of cardiorespiratory fitness in adolescents. 
Furthermore, this study sought to further elucidate the potential relationship between 
cardiorespiratory fitness, physical activity, body mass and asthma.  
5.2 Methods 
5.2.1 Participants 
Six-hundred and sixteen adolescents (334 boys; Table 5.1), of which 155 suffered 
from asthma (78 boys), from five schools across South Wales agreed to participate in 
the study. Ethical approval was granted by the institutional research ethics committee 
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(ref: 140515 and PG/2014/29). Parent/guardian and head teacher consent and child 
assent were obtained prior to participation (see appendix A). 
 
Table 5.1. Anthropometric measures for participants with and 
without asthma 
 
 
n Asthma/Non-
asthma 
Asthma Non-asthma 
Asthma v 
Non-asthma 
 
(Boy,Girl) Boy Girl 
P-
value 
Boy Girl 
P-
value 
P-value 
Age (years) (78,77)/(256,201) 13.0±1.2 12.9±1.1 0.71 13.1±1.1 13±1.1 0.25 0.45 
Stature (cm) (71,66)/(236,179) 158.6±11.2 154.3±7.7 0.01* 158.5±10.7 155.9±7.9 0.01* 0.38 
Body mass 
(kg) 
(71,65)/(236,179) 58.3±16 50.3±12.2 <0.01* 51.6±13.3 50.1±11.1 0.23 0.01* 
Sitting stature 
(cm) 
(71,66)/(236,179) 79.4±5.7 77.9±4.3 0.09 79.2±5.7 79.5±4.8 0.53 0.11 
Waist 
circumference 
(cm) 
(71,64)/(236,178) 77.4±12.7 69.6±10.2 <0.01* 70.4±12.7 67±8.2 <0.01* <0.01* 
Age from 
PHV (years) 
(71,65)/(236,179) -1.0±1.2 0.6±0.9 <0.01* -1.0±1.1 0.7±1.0 <0.01* 0.58 
BMI (kg·m-2) (71,65)/(236,179) 23±4.7 21.4±4.8 0.05 20.4±3.9 20.5±3.5 0.8 <0.01* 
* = Significant p<0.05; PHV = Peak height velocity; BMI = Body mass index.  
 
5.2.2 Study design 
This experimental chapter describes an observational case-controlled study designed 
to test whether there were any differences in fitness, obesity, physical activity, lung 
function and quality of life between adolescents with and without asthma. In 
addition, it examines the association between asthma, obesity, physical activity and 
fitness.  
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5.2.3 Procedures 
5.2.3.1 Anthropometrics 
Body mass and stature were measured according to the techniques outlined by 
International Society for the Advancement of Kinanthropometry (Stewart et al., 
2011). Stature, sitting stature and waist circumference were measured to the nearest 
0.01 m (Seca213, Hamburg, Germany) and body mass to the nearest 0.1 kg 
(Seca876, Hamburg, Germany). Body mass index (BMI) was subsequently 
calculated and grouped using age and sex specific child percentiles (Barlow, 2007). 
Further, lower limb length was calculated as the difference between stature and 
sitting stature and then used to determine maturity offset using the equations of 
Mirwald et al. (2002).  
5.2.3.2 Physical activity 
Physical activity levels were measured at 100 Hz using ActiGraph GT3X+ 
accelerometers (Actigraph, Pensacola, FL, USA) worn on the right hip for seven 
consecutive days. Participants were instructed only to remove the monitor it if they 
undertook water-based or contact activities, where required. The data were analysed 
using KineSoft version 3.3.67 (KineSoft, Saskatchewan, Canada) employing 1 
second epochs with sustained periods of at least 20-minutes of consecutive zeros 
considered non-wear time (Catellier et al., 2005). A minimum daily wear time of 10 
hours per day for 2 weekdays and 1 weekend day was used (Rich et al., 2013). 
Physical activity intensities were calculated using Evenson et al. (2008) cut points, 
which have been shown to be valid and reliable determinats of activity intensity in 
children and adolescents (Trost et al., 2011). 
5.2.3.3 Lung function 
Forced Expiratory Volume in 1 second (FEV1), Forced Vital Capacity (FVC), 
FEV1/FVC ratio, Peak Expiratory Flow (PEF), and Forced Expiratory Flow between 
25-75% of vital capacity (FEF25-75) was measured using a portable dry spirometer 
(Vitalograph, Buckingham, UK). The best of three measurements were taken 
according to American Thoracic Society guidelines (1995) and to the standardised 
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protocol (Miller et al., 2005) and expressed as a percentage of the age-sex-stature 
predicted value (Rosenthal et al., 1993). 
5.2.3.4 Fractional Exhaled Nitric Oxide 
Participants with asthma were asked to perform a Fractional Exhaled Nitric Oxide 
(FeNO) test, a marker of airway inflammation in asthma, prior to spirometric testing. 
The FeNO test was performed in a seated position and in accordance with the 
American Thoracic Society guidelines (Dweik et al., 2011). Participants were asked 
to exhale away from the device (NIOX MINO, Aerocrine AB, Solna, Sweden) and 
then inhale to total lung capacity through the device before immediately exhaling for 
10 seconds at 50 ± 5 ml·sec-1. Visual and audio cues were provided by the computer 
software throughout. One test was completed and the final three seconds of 
exhalation were evaluated. 
5.2.3.5 Asthma control 
Asthma control was measured using the Asthma Control Questionnaire (ACQ, 
Juniper et al., 2010) which consists of 7-items relating to recent symptoms, 
medications and FEV1 score. Each item of the ACQ was scored from 0 to 6 and then 
averaged to give an overall result. Scores of ≤0.75 or ≥1.5 indicated well-controlled 
and poorly-controlled asthma, respectively. Internal consistency, measured using 
Cronbach’s alpha coefficients (Cronbach, 1951), for the ACQ were deemed 
acceptable (α = 0.77). 
5.2.3.6 Asthma-related quality of life 
The Paediatric Asthma Quality of Life Questionnaire (PAQLQ) was used to assess 
the symptoms, activity limitations and emotional and environmental effects of 
asthma (Juniper et al., 1996). The PAQLQ consists of 23 questions (scored on a 
Likert scale from 1 to 7), with a higher score indicating a better asthma status. 
Internal reliability for the PAQLQ was deemed excellent (α = 0.97). 
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5.2.3.7 Quality of life 
The Pediatric Quality of Life Inventory (PedsQL) Teenager Report (Version 4.0, 
Varni et al., 1999) was used to compare the perceived quality of life between those 
participants with and without asthma. A widely validated measure in adolescents 
(Varni et al., 2006, Varni et al., 2003, Varni et al., 2001), the PedsQL consists of 23 
items focusing on participants’ physical, emotional, social and school functioning 
quality, with a higher score indicative of a better quality of life. Internal reliability 
for the PedsQL was excellent (α = 0.90).  
5.2.3.8 Asthma severity  
Asthma severity was assessed using the Global Initiative for Asthma guidelines 
(Global Initiative for Asthma, 2017) and classified as mild, moderate or severe 
according to the medication step required to achieve asthma control. For the purpose 
of analysis, moderate and severe asthma were grouped to power the statistics. 
Participants were excluded if they did not have stable asthma (n = 4).  
5.2.3.9 Cardiorespiratory fitness  
Participants were asked to refrain from strenuous exercise and avoid consuming food 
for 24h and 2h prior to the exercise test, respectively. 
20-metre shuttle run 
Cardiorespiratory fitness was estimated using the 20-metre progressive shuttle run 
test, a previously validated field measure in children (Mayorga-Vega et al., 2015). 
The number of shuttles completed before voluntary exhaustion were recorded. 
Peak V̇O2 
Sixty-nine adolescents (39 boys) inclusive of 36 with asthma (21 boys) were 
selected, using stratified randomisation, to complete incremental ramp tests. The 
groups were stratified by age, sex and asthma to provide a representative sample of 
the wider population. Participants performed an incremental ramp exercise test to 
volitional exhaustion on an electromagnetically braked cycle ergometer (Ergoselect 
200, Ergoline GmbH, Lindenstrasse, Germany). The ramp protocol consisted of 3 
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minutes of “unloaded” pedalling (0 W) followed by an increase in work rate of 12-24 
W·min-1 dependent on pre-baseline familiarisation incremental ramp tests. 
Throughout the test, participants were asked to keep the cadence at 75 ± 5 
revolutions per minute. Pulmonary ventilation (VE) and gas exchange (V̇O2 and 
V̇CO2) were measured breath by breath (Jaeger Oxycon Mobile, Jaeger, Hoechberg, 
Germany). 
5.2.4 Data analysis 
The peak V̇O2 was taken as the highest 10-second average value attained prior to the 
end of the test with the GET determined using the V-slope method (Beaver et al., 
1986). Analysis of covariance (ANCOVA) was used to account for the influence of 
body size using log transformed data to determine the allometric relationship 
between peak V̇O2 and body mass. Common allometric exponents were confirmed 
for the data and power function ratios (Y/Xb) were computed. Breath by breath data 
were then averaged into 10-second time bins and the gain and mean response time 
(MRT) calculated according to the methods reported by Barstow et al. (2000b). 
Specifically, the gain (Δ V̇O2 / ΔWR) was determined by linear regression over three 
segments: S1, from 1-minute into the ramp test up to GET; S2, from GET to peak 
V̇O2; and ST, over the range of S1 + S2. The MRT was calculated as the point of 
intersection between the baseline V̇O2 and a backwards linear extrapolation of the 
V̇O2 by time slope from the onset of the increase in work rate (Glantz, 1990). The 
MRT was also determined using two segments, S1 (MRT1) and ST (MRTT, Whipp et 
al., 1981). Baseline V̇O2 was taken as the average of the first 45 seconds of the last 
minute prior to the increase in work rate.  
5.2.5 Statistical analysis 
Shapiro-Wilk tests were used to examine the normality of the data prior to any 
analyses. In the case of normally distributed data, independent sample t-tests were 
used to assess differences between participants with and without asthma. A Mann-
Whitney U test was used when data were not normally distributed. Analysis of 
covariance was used to investigate the influence of asthma on cardiorespiratory 
fitness and its interaction with sex, age and maturity. One-way ANOVA tests were 
also used to determine the influence of the level of asthma severity. Pearson’s 
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correlation coefficients were used to investigate the degree of association between 
key variables. Furthermore, the association between asthma and BMI was assessed 
by binary logistic regression adjusting for fitness and time spent in moderate-to-
vigorous physical activity (MVPA). Missing data were imputed using multiple 
imputation for physical activity data, this was done using all other measures for each 
participant to predict the missing value. All statistical analyses were conducted using 
SPSS v22 (IBM Corp, Armonk, NY). All data are presented as mean ± standard 
deviation (SD) with statistical significance accepted as P < 0.05. 
5.3 Results 
Those with asthma were predominantly characterised as having mild, persistent 
asthma (85%), with the minority having moderate or severe asthma (15%, Global 
Initiative for Asthma, 2017). As shown in Table 5.1, no anthropometric differences 
were shown between those with and without asthma, with the exception of body 
mass and waist circumference which were significantly higher in those with asthma. 
Similarly, those with asthma had a significantly (P < 0.01) higher BMI (22.2 ± 4.8 
kg·m-2) than their healthy peers (20.4 ± 3.7 kg·m-2). Age-specific BMI percentiles 
revealed 41.9% of participants with asthma were overweight or obese, in comparison 
to 25.4% of healthy participants. Participants with asthma spent significantly (P < 
0.05) less time in both moderate (31.1 ± 11.7 minutes) and vigorous (22.9 ± 13.2 
minutes) physical activity than their healthy peers (34.6 ± 13.1 and 25.9 ± 13.2, 
respectively). A lower FEV1% and more marked small airways obstruction (FEF25-
75%) was observed in those with asthma. However, those with asthma did not have 
an obstructed FEV1/FVC ratio, consistent with most having mild asthma.  
As shown in Table 5.2, the ACQ revealed 32% of participants had well-controlled 
asthma (score <0.75), 36% had intermediate control and the remaining 32% had 
poorly controlled asthma (score >1.5). According to the PAQLQ, 14% of 
participants with asthma reported a score less than 4, with 5% scoring 7. Although 
the mean of the PAQLQ is relatively high, 95% scored less than 7 indicating at least 
some degree of impairment.  
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In contrast to the 20-metre shuttle run in which healthy participants completed 
significantly more shuttles than those with asthma (48 ± 24 vs 42 ± 23 shuttles, 
respectively; P < 0.01), peak V̇O2 and scaled peak V̇O2 did not differ according to 
asthma status (Table 5.3). All participants achieved a rating of perceived exertion 
>18, and a heart rate greater than 85% age predicted heart rate maximum, however, 
one participant failed to reach a respiratory exchange ratio >1.0. Similarly, there 
were no significant differences between asthma and non-asthma groups in the 
absolute or relative GET or the gain. However, participants with asthma did have a 
significantly shorter MRTT, although these differences were not observed below the 
GET and were ameliorated once work rate was added as a covariate.  
Although significant differences were shown between girls and boys for 
cardiorespiratory fitness and physical activity levels, sex did not account for any of 
the variance between asthma and non-asthma groups. Therefore, boys and girls were 
pooled for all subsequent analyses. The number of shuttles completed in the 20-
metre shuttle run was negatively correlated with BMI (r = -0.34, P < 0.05) and 
positively associated with MVPA (r = 0.34, P < 0.05) pooled for both those with and 
without asthma. Body mass index was also negatively associated with MVPA (r = -
0.18, P < 0.05). Positive associations were shown between cardiorespiratory fitness 
according to both the 20-metre shuttle run and peak V̇O2 and ACQ (r = -0.15 and -
0.35; P < 0.05), PAQLQ (r = 0.27 and 0.34, P < 0.05) and PedsQL (r = 0.22 and 
0.35, P < 0.05). Furthermore, participants without asthma reported a significantly 
higher quality of life (78.2 ± 14.7 vs 74.4 ± 17.8). Whilst significant, these 
correlations are weak and should be interpreted with caution.  
As BMI, 20-metre shuttle run and MVPA were significantly different between the 
asthma and non-asthma groups, individual logistic regression analyses were 
performed on each. Both BMI and fitness were shown to be significantly associated 
with asthma; MVPA failed to reach significance (p = 0.06) even when using multiple 
imputation to replace missing MVPA data. Binary logistic regression (Table 5.4) 
revealed BMI as an independent factor associated with asthma.  
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Table 5.2. Characteristics of participants with and without asthma 
  
n (Asthma / 
Non-asthma) Asthma Non-asthma P-value 
20-metre shuttle run 
(shuttles) 138/395 42.1±22.9 47.7±24.1 0.01* 
MPA (min) 61/177 31.1±11.7 34.6±13.1 0.03* 
VPA (min) 61/177 22.9±13.2 25.9±13.2 0.04* 
MVPA (min) 61/177 53.9±23.5 60.5±23.6 0.02* 
FEV1 (%Predicted) 143/411 91.0±14.7 95.7±16.4 <0.01* 
FVC (%Predicted) 143/411 99.0±14.2 99.7±14.1 0.57 
FEF25-75 (%Predicted) 143/411 76.0±25.3 87.0±24.5 <0.01* 
PEF  (%Predicted) 143/411 91.2±19.6 89.8±20.2 0.47 
FEV1/FVC 143/411 0.80±0.08 0.83±0.07 <0.01* 
FeNO (ppb) 139/0 42.7±44.0 NA NA 
PedsQL PhH 132/400 76.3±18.3 80.3±14.6 0.10 
PedsQL PsH 132/400 73.3±19.4 77.2±16.5 0.06 
PedsQL Total 132/400 74.4±17.8 78.2±14.7 0.04* 
ACQ 143/0 1.3±1.0 NA NA 
PAQLQ Symptoms 143/0 5.5±1.2 NA NA 
PAQLQ Activities 143/0 5.5±1.2 NA NA 
PAQLQ Emotions 143/0 5.9±1.3 NA NA 
PAQLQ 143/0 5.6±1.2 NA NA 
Mean±SD; * = Significant p<0.05; NA = Not applicable; MPA = moderate 
physical activity; VPA = Vigorous physical activity; MVPA = Moderate-to-
vigorous physical activity; %Predicted = Expressed as a percentage of the age-
sex-stature predicted value; FEV1 = Forced Expiratory Volume in 1 second; 
FVC = Forced Vital Capacity; FEF25-75 = Forced Expiratory Flow between 25-
75% of vital capacity; PEF = Peak Expiratory Flow; FeNO = Fractional exhaled 
nitric oxide; PedsQL = Pediatric Quality of Life Inventory; PhH = Physical 
score; PsH = Psychological score; ACQ = Asthma control questionnaire; 
PAQLA = Paediatric Asthma Quality of Life Questionnaire 
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Table 5.3. Incremental ramp test results for participants with and 
without asthma 
  Asthma Non-asthma P-value 
Baseline V̇O2 (l·min-1) 0.60±0.10 0.60±0.10 0.70 
V̇O2 peak (l·min-1) 2.00±0.50 2.10±0.50 0.67 
V̇O2 BM (ml·kg-1·min-1) 36.9±8.3 41.1±7.4 0.02* 
V̇O2 Scaled (ml·kg-0.57·min-1) 205.1±43.6 221.6±38.6 0.11 
GET (l·min-1) 1.10±0.30 1.00±0.30 0.62 
GET (%V̇O2) 53.8±7.9 50.5±6.2 0.06 
MRTT (s) 72.5±17.5 81.5±17.7 0.04* 
MRT1 (s) 69.6±13.6 75.5±17.0 0.12 
S1 Gain (ml·min
-1·W-1) 9.0±1.8 9.1±2.8 0.78 
S2 Gain (ml·min
-1·W-1) 10.8±2.0 11.0±1.3 0.55 
ST Gain (ml·min
-1·W-1) 10.0±1.5 10.3±1.4 0.49 
Mean±SD; * = Significant p<0.05; NA = Not applicable; V̇O2 = Oxygen 
uptake; BM = body mass; GET = Gas exchange threshold; S1 gain = Gain from 
1-minute into ramp to GET; S2 gain = Gain from GET to peak V̇O2; ST gain = 
Gain over the total range S1 + S2; MRT1 = Mean response time for S1; MRTT = 
Mean response time for S1 + S2 
 
 
Table 5.4. Binary logistic regression analysis to test potential 
association with asthma from Body Mass Index, Moderate-to-
Vigorous Physical Activity and 20-metre shuttle run 
  β (SE) Wald P-value OR 
Constant 2.24 (0.72) 9.97 <0.01 9.41 
BMI -0.09 (0.02) 12.89 <0.01 0.92 
MVPA 0.01 (0.01) 1.09 0.28 1.01 
Shuttle Run 0.01 (0.00) 2.18 0.19 1.01 
β = coefficient; SE = standard error; OR = odds ratio; BMI = Body mass index; 
MVPA = Moderate-to-vigorous physical activity 
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5.4 Discussion 
The present study highlights the importance of the measure of cardiorespiratory 
fitness used when investigating the influence of asthma in adolescents. Specifically, 
contrary to the findings reported here and elsewhere with regards to the 20-metre 
shuttle run, when more accurate and sensitive measures of cardiorespiratory fitness 
are used, there was no difference between those with and without asthma. 
Furthermore, the present study reveals obesity to be a significant predictor of asthma 
status and those with asthma to engage in less MVPA. Taken together, these findings 
highlight important potential targets for future interventions that seek to reduce 
asthma severity and prevalence. 
The current participants with asthma reported a lower quality of life than their 
healthy counterparts, in agreement with previous studies (Merikallio et al., 2005, 
Molzon et al., 2013), although it is pertinent to note that the majority were 
characterised by poor asthma control which is likely to have reduced their quality of 
life over and above the effects of asthma per se (Sundbom et al., 2016). Interestingly, 
only fitness was shown to be related to quality of life and asthma control, although 
this was a weak correlation, fitness could possibly represent a key target to improve 
quality of life in those with asthma as observed in previous studies (Andersen et al. 
2017, Basaran et al., 2006, Fanelli et al., 2007). Such improvements in fitness may 
be elicited through improvements in BMI and physical activity which were 
associated with fitness in the current study. Indeed, those with asthma not only 
demonstrated a higher BMI, in accord with previous studies (Black et al., 2012, 
McNarry et al., 2014a), but also a significantly lower MVPA (Sousa et al., 2014, 
Villa et al., 2011), with the majority of those with asthma failing to meet the 
recommended guidelines of 60-minutes MVPA per day (Department of Health, 
2011). These low MVPA levels may be attributable to a fear of asthma attack 
associated with exercise as shown in Chapter 4 but, contrastingly, exercise-related 
activities were still cited as the most enjoyable activity by over 80% of adolescents 
with asthma. 
The current cardiorespiratory fitness results significantly differed according to their 
method of determination. Specifically, according to the 20-metre shuttle run, those 
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with asthma were significantly less fit than their healthy counterparts but both 
groups demonstrated a relatively high degree of fitness relative to recently generated 
receiver operating characteristic cut-points (Boddy et al., 2012). In contrast, using 
the gold standard measure of cardiorespiratory fitness of peak V̇O2 (Carey & 
Richardson, 2003), those with asthma were comparable to those without asthma. 
These results were also comparable to previous research (37-41 ml·min-1·kg-1 vs. 35-
48 ml·min-1·kg-1, Armstrong, 2006); although slightly lower which is likely 
attributable to the use of a cycle ergometer as oxygen consumption is approximately 
7% higher when using a treadmill (Shepherd, 1971). This discrepancy could be due 
to self-perceptions and peer-perceptions of (in)ability (Chapter 4), causing those with 
asthma to limit their performance in front of others compared to when tested in 
isolation or on a non-familiar modality (Glazebrook et al., 2006, Lang et al., 2004). It 
could also be suggested that such perceptions may be exacerbated by the greater 
BMI of those with asthma, as it is frequently cited that those who are overweight are 
unwilling to exercise in front of their peers (Ball et al., 2000). Finally, participation 
in the incremental ramp test may have resulted in a greater self-selection bias, as this 
was a much more extensive measure, and therefore the participants with lower 
cardiorespiratory fitness may have opted out, accounting for the disparity between 
measures. The lack of effect of asthma on peak V̇O2 in the present study agrees with 
previous studies (Berntsen et al., 2009, Pianosi & Davis, 2004, Santuz et al., 1997) 
and suggests that previous studies utilising indirect estimates of cardiorespiratory 
fitness may have drawn erroneous conclusions (Cairney et al., 2008, McNarry et al., 
2014a), as would also have been done according to the current 20-metre shuttle run 
results. The relatively low peak V̇O2 values (Armstrong et al., 1996, Rodrigues et al., 
2006) reported in this study nonetheless highlight an area of concern with regards to 
the current health of adolescents (Ortega et al., 2008). Indeed, considering that peak 
V̇O2 is one of the strongest predictors of all-cause mortality (Blair et al., 1989, 
Kodama et al., 2009), with a strong relationship between peak V̇O2 as a child and 
adult (Malina, 2001), the current results highlight the need for interventions that 
successfully, and sustainably, increase the cardiorespiratory fitness of youth. 
This is the first study to consider the influence of asthma on the sub-maximal 
parameters of aerobic fitness (MRT, gain and GET), many of which have been 
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suggested to be more sensitive to both advantageous and deleterious adaptations than 
peak V̇O2 (McNarry et al., 2017). However, in agreement with peak V̇O2, no 
influence of asthma was manifest on any parameter of aerobic fitness. Whilst other 
respiratory diseases have been found to be associated with significant differences in 
gain between those with and without the condition (Fielding et al., 2015), 
participants with asthma were not different to their peers. These findings suggest that 
adolescents with asthma do not engender a greater O2 cost of exercise in comparison 
to their peers. The findings on the GET suggest that those with asthma are able to 
participate in similar training programmes as those without. Although optimal 
training should be based on an individuals’ GET, as differences were not shown, 
those with asthma will have comparable training “zones” that should elicit similar 
improvements. These findings are in accord with previous research showing no 
differences between asthma and their healthy counterparts (Santuz et al., 1997). 
Whilst the GET was low in comparison to previous findings (Fawkner & Armstrong, 
2004a), the results do not suggest deconditioning (<50% peak V̇O2, Urquhart & 
Vendrusculo, 2017). In contrast, it is perhaps interesting to note the significantly 
longer MRT found here than in previously reported research (Barstow et al., 2000a, 
McNarry et al., 2011b), which may suggest chronic deconditioning and agreeing 
with the relatively low peak V̇O2 values observed from the cycle ergometer. These 
findings must be interpreted with caution however due to the influence of ramp rate 
on the MRT which limits inter-study comparisons (Boone et al., 2008). The lack of a 
difference between adolescents with and without asthma in peak V̇O2 and 
subsequently the MRT suggests that any derangements in airways of the participants 
with asthma do not affect the O2 delivery to the mitochondria within the muscle. 
In agreement with previous studies (McNarry et al., 2014a, Vahlkvist et al., 2010), 
the prevalence of overweight and obesity in the present participants with asthma was 
high in comparison to their peers. Whilst the causal relationship between asthma and 
obesity remains unclear, postulated mechanisms include co-morbidities or 
mechanical effects of an increased pressure caused by excess tissue mass in the 
abdomen and chest influencing hyper-responsiveness or symptoms of asthma 
directly (Farah & Salome, 2012). Alternatively, or additionally, the increased BMI in 
those with asthma could be related to the over-diagnosis of asthma in obese people 
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(van Huisstede et al., 2013), with obesity significantly influencing many spirometric 
parameters (Spathopoulos et al., 2009). 
There was a large range of FeNO score with the mean (42.7 ± 44.0ppb) considered 
high (children >35ppb, adults >50, Dweik et al., 2011). The current FeNO scores 
were also higher than reported elsewhere in well-controlled asthma (Willeboordse et 
al., 2016), indicating sub-optimal control of airway inflammation and raising the 
possibility of poor inhaler technique and/or poor medication adherence. This is a 
significant problem, especially in youth with asthma who cite barriers to physical 
activity such as administering medication in front of their peers and embarrassment 
of their condition (Cohen et al., 2003). When reporting their medication and 
adherence, participants often described taking their prescribed preventer sporadically 
and not as directed (Chapman et al., 2017). This poor control is likely to exacerbate 
their symptoms during exercise, further reinforcing their perception of an inability 
to, and fear of, exercise. Therefore, a potential solution to their lack of fitness and 
physical activity and increased BMI could be as simple as education on proper 
inhaler technique. 
A major strength of this study was the use of more sensitive parameters of aerobic 
fitness (GET, MRT and gain) which have not been previously assessed in 
adolescents with asthma. Furthermore the use of objective measures of physical 
activity should also be considered a strength of the study. In addition, there may have 
been a self-selection bias such that participants with more severe asthma and/or 
poorer fitness may have chosen to opt out of more vigorous sub-sample testing. 
Furthermore, as asthma medication was not withheld prior to, or during the exercise 
measures, this may have effectively “normalised” the participants results in 
comparison to their healthy peers. Finally, the different modalities of the field and 
lab-based measures of cardiorespiratory fitness limits our interpretation to some 
extent.  
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5.5 Conclusion 
In conclusion, adolescents with predominantly mild persistent asthma do not differ 
in cardiorespiratory fitness from their peers, however, they do have an increased 
BMI and engage in less MVPA. The present findings also highlight the importance 
of using appropriate measures of cardiorespiratory fitness to determine the influence 
of disease on exercise responses. Finally, although only a weak relationship was 
found between cardiorespiratory fitness and quality of life, further studies should 
investigate if cardiorespiratory fitness can reduce asthma severity in adolescents with 
more severe asthma.  
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Chapter 5 
Aims 
- To investigate the influence of asthma on the submaximal and maximal 
parameters of cardiorespiratory fitness in adolescents 
- To elucidate the potential relationship between cardiorespiratory fitness, 
physical activity, body mass and asthma 
Key findings for future chapters 
- Adolescents with or without asthma do not differ in cardiorespiratory fitness 
- Those with asthma do participate in significantly less moderate-to-vigorous 
physical activity and have higher body mass index than their healthy peers 
- More precise measures of cardiorespiratory fitness should be utilised to 
determine the influence of disease on the cardiorespiratory system 
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CHAPTER 6 
EFFECT OF HIGH-INTENSITY 
INTERVAL TRAINING IN 
ADOLESCENTS WITH ASTHMA 
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Chapter 6: Effect of high-intensity interval training in adolescents with asthma 
This Study has been disseminated as follows: 
Oral presentation: Winn CON, Mackintosh KA, Eddolls WTB, Stratton G, Wilson 
AM, Davies GA, McNarry MA (2016). The effects of a six-month high-intensity 
interval training intervention on aerobic fitness and fatness in adolescents with 
asthma. Asthma UK Centre for Applied Research joint centre event London UK 
Oral presentation: Winn CON, Mackintosh KA, Eddolls WTB, Stratton G, Wilson 
AM, Davies GA, McNarry MA (2016). Effect of high-intensity exercise on aerobic 
performance and airway inflammation in asthma. European Respiratory Society 
International Congress; London UK  
6.1 Introduction 
The prevalence of asthma and obesity have both risen dramatically over the past few 
decades, making them two of the most common chronic conditions in the UK (Ng et 
al., 2014, Wanrooij et al., 2014). This concomitant rise has led to suggestions that 
the two may be causatively linked (Farah & Salome, 2012, Lucas & Platts-Mills, 
2006), with overweight and obesity more prevalent in those who suffer from asthma 
(Vahlkvist & Pedersen, 2009).  
It has been postulated that an influential factor in the relationship between asthma 
and obesity is cardiorespiratory fitness (Lochte et al., 2009), with previous research 
noting a strong inverse relationship between maximum oxygen uptake (V̇O2) and 
indices of adiposity in young adults (Hingorjo et al., 2017). However, it remains to 
be elucidated as to whether the role of cardiorespiratory fitness is direct, a mediator 
of the influence of obesity or, potentially, both. Indeed, the influence of asthma on 
cardiorespiratory fitness requires clarification, with little consensus currently 
available in the literature (Berntsen et al., 2009, Pianosi & Davis, 2004, Santuz et al., 
1997, Vahlkvist & Pedersen, 2009, Villa et al., 2011). These inter-study 
discrepancies may be attributable, at least in part, to the exercise testing 
methodologies used to determine cardiorespiratory fitness. Specifically, many 
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children with asthma cite the fear of exercise-induced bronchoconstriction as a 
barrier to exercise (Chapter 4). As such, a testing method that is highly dependent on 
self-motivation and perceived ability, such as the 20-metre shuttle run test, a 
previously utilised estimate of cardiorespiratory fitness (Cairney et al., 2008, 
Mayorga-Vega et al., 2015), may be susceptible to producing poorer results in 
asthma participants that perceive themselves as less able. 
Despite a fear of exercise-induced bronchoconstriction (Chapter 4), previous 
literature has suggested additional health benefits associated with exercise for 
adolescents with asthma such as reduced symptoms and severity and improved 
quality of life (Andrade et al., 2014), as shown in Chapter 5. Furthermore, 
adolescents with asthma have highlighted exercise as one of their favourite activities 
(Chapter 4), an encouraging finding for future exercise interventions seeking to 
address reports that few adolescents actively engage in exercise on a regular basis 
(Vahlkvist & Pedersen, 2009). However, although significant improvements in 
fitness have been reported following exercise interventions in adolescents with 
asthma (Ahmaidi et al., 1993, Counil et al., 2003, van Veldhoven et al., 2001), these 
have been short in duration (<3 months) and did not involve a follow-up. It is 
therefore unclear whether such improvements will be maintained, or indeed further 
enhanced, with an increased length of intervention or whether the changes will be 
maintained after intervention cessation.  
Moderate-intensity, continuous exercise has predominately been utilised in previous 
exercise interventions in children with asthma (Basaran et al., 2006, Onur et al., 
2011). However, adolescents with asthma report varied exercises, for example 
circuits or team games, as a preferred activity, with apprehension expressed towards 
long-distance running (Chapter 4). Such variation should avoid monotony which is 
associated with increased dropout rates (McNarry et al., 2015b). This highlights the 
potential utility of high-intensity interval training (HIIT) which has been suggested 
to be a time-efficient method of exercise that can elicit significant improvements in 
both cardiorespiratory fitness and body composition in youth (Costigan et al., 2015, 
Logan et al., 2014). Specifically, HIIT can be an effective means of improving body 
composition in young obese individuals (Lau et al., 2015), with significant 
improvements observed in both body mass index (BMI) and body fat percentage 
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following recent 3-month interventions (Racil et al., 2016, Tjonna et al., 2009). 
Moreover, given past literature has indicated that asthma symptoms can also be 
triggered by continuous exercise (Sidiropoulou et al., 2007), intermittent exercise 
may not provoke asthma and might aid in improving adolescents’ tolerance of 
exercise, increasing endurance (Del Giacco et al., 2015). Whilst increasing high-
intensity exercise tolerance, the intermittent nature of HIIT may also facilitate a 
decrease in end expiratory lung volume during the resting phase of the interval 
training (Beauchamp et al., 2010), reducing the chances of an asthma attack. 
Therefore, the aim of the study was to investigate the effectiveness of an inclusive 
field-based six-month HIIT intervention on aerobic fitness, BMI, lung function and 
quality of life in adolescents with asthma. It was hypothesised that HIIT would lead 
to improvements in both cardiorespiratory fitness and quality of life and a reduction 
in BMI in adolescents, irrespective of asthma.  
6.2 Methods 
6.2.1 Participants and study design 
In total, 616 adolescents (334 boys; Table 6.1), of which 155 had asthma (78 boys), 
agreed to participate in the study. In this randomised control trial, cluster 
randomisation was used to select one intervention school and four control schools in 
South Wales, matched for free school meal status (the X4A trial: eXercise for 
Asthma with Commando Joe’s®). Two-hundred and twenty-one participants (116 
boys) were recruited in the intervention school of the study, of which 47 suffered 
from asthma (24 boys). Asthma severity was assessed using the Global Initiative for 
Asthma guidelines (Global Initiative for Asthma, 2017) and classified as mild, 
moderate or severe according to the medication step required to achieve asthma 
control. For the purpose of analysis, moderate and severe asthma were grouped to 
power the statistics. Participants were excluded if they did not have stable asthma (n 
= 4). Ethical approval was  
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granted by the institutional research ethics committee (ref: 140515 and PG/2014/29). 
Parent/guardian and head teacher consent in addition to child assent were obtained 
prior to participation (see, appendix A).  
6.2.2 Intervention 
The intervention design was devised on previous research for intensity and duration 
(Wanrooij et al. 2014) and co-developed based on formative work to enable us to 
determine the elements and timing for the intervention (Chapter 4). The intervention 
consisted of a 6-month HIIT programme, delivered by Commando Joe’s®, involving 
3 x 30-minute sessions per week. The sessions consisted of a combination of circuits 
and games-based activities (Table 6.2) lasting between 10 – 30 seconds, followed by 
an equal period of rest (Table 6.3). Throughout each exercise bout, participants were 
asked to exercise maximally with exercise activities designed to elicit a heart rate 
(HR) of >90% of heart rate maximum (HRmax, Hood et al., 2011). Maximal HR 
was predicted according to Tanaka, Monaham and Seals (2001), which has been 
validated for use in children and adolescents (Mahon et al., 2010). During each 
session participants’ HR was continuously monitored (Activio AB, Stockholm, 
SWE). Those in the control group engaged in their usual day-to-day activities.  
6.2.3 Procedures 
Measurements were taken from both intervention and control groups at four-time 
points (baseline, mid-intervention, post-intervention and at 3-month follow-up), 
irrespective of condition.  
6.2.3.1 Anthropometrics 
Stature and body mass were measured according to the techniques outlined by 
International Society for the Advancement of Kinanthropometry (Stewart et al., 
2011). Stature, sitting stature and waist circumference were measured to the nearest 
0.1 cm (Seca213, Hamburg, Germany) and body mass to the nearest 0.1 kg 
(Seca876, Hamburg, Germany). Body mass index was subsequently calculated and 
grouped using age and sex specific child percentiles (Barlow, 2007). Maturity offset 
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was calculated according to Mirwald et al. (2002), lower limb length was calculated 
as the difference between stature and sitting stature 
6.2.3.2 Lung Function 
Forced Expiratory Volume in 1 second (FEV1), Forced Vital Capacity (FVC), 
FEV1/FVC ratio, Peak Expiratory Flow (PEF), and Forced Expiratory Flow between 
25-75% of vital capacity (FEF25-75) was measured using a portable dry spirometer 
(Vitalograph, Buckingham, UK). The best of three measurements were taken 
according to American Thoracic Society guidelines (1995) and to the standardised 
protocol (Miller et al., 2005) and expressed as a percentage of the age-sex-stature 
predicted value (Rosenthal et al., 1993).  
6.2.3.3 Fractional Exhaled Nitric Oxide 
Fractional exhaled nitric oxide (FeNO) was measured prior to spirometric testing. 
The FeNO test was performed in accordance with the American Thoracic Society 
guidelines (Dweik et al., 2011). Participants were asked to completely exhale and 
then inhale to total lung capacity through the device (NIOX MINO, Aerocrine AB, 
Solna, Sweden), before immediately exhaling for 10 seconds at 50 ± 5 ml·sec-1. 
Visual and audio cues were provided by the computer software throughout. One test 
was completed at all time-points except follow-up. The final three seconds of 
exhalation were evaluated. 
6.2.3.4 Asthma control 
Asthma control was assessed using the Asthma Control Questionnaire (ACQ, 
Juniper et al., 2010) which consists of 7-items focusing on reliever inhaler use, 
symptoms and FEV1 score. Items of the ACQ were scored from 0 to 6, with ACQ 
scores of ≤0.75 or ≥1.5 indicating well-controlled and poorly-controlled asthma, 
respectively. Internal consistency, measured using Cronbach’s alpha coefficients 
(Cronbach, 1951),  for the ACQ were deemed acceptable (α = 0.73-0.82). 
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Table 6.2 Detailed examples of exercises 
Activity Example exercises 
Accumulator 
circuits 
Participants had to run a short distance and back and complete one repetition 
of the first exercise. On the second interval, they had to run out and 
complete one repetition of the first exercise and two repetitions of the 
second. The pattern continued adding one rep each time. Participants would 
continue from where they left off at each rest until the exercises were all 
“accumulated”. Example: 
 Jumping jacks 
 Worm push ups 
 Squats 
 Burpees 
Static exercises Participants stood in a space where they conducted exercises. Example: 
 Burpees  
 Jumping jacks 
 Squats 
 Press-ups 
Obstacle course Created using resources such as nets, benches, cones and hurdles. Example: 
 Agility 
 Crawling 
 Jumping  
 Rolling 
Speed, agility and 
quickness 
Activities included fast paced, low skill agility exercises such as: 
 Zig-zag sprints 
 Slalom sprints 
 Hurdles  
 Shuttles 
 Fast feet ladder drills 
Linear sprints Participants moved between each side of the hall. Movement was varied i.e. 
forward, backwards and sideways. Variations to the sprints included: 
 Bear crawls 
 Gorilla walks 
 Crab walks 
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Table 6.3. Example exercise sessions from the high-intensity interval 
training intervention 
 
Exercise/Rest Time (s) 
Week 1-3 
10/10 
10/10 
10/10 
Week 4-6 
15/15 
15/15 
15/15 
Week 7+ 
30/30 
30/30 
30/30 
 
6.2.3.5 Asthma-related quality of life 
Symptoms, activity limitation and emotional and environmental effects of asthma 
were assessed using the Paediatric Asthma Quality of Life Questionnaire (PAQLQ, 
Juniper et al., 1996). The PAQLQ consists of 23 questions (scored on a Likert scale 
from 1 to 7), with a higher score indicative of a better asthma status. Internal 
reliability for the PAQLQ was deemed excellent (α = 0.96-0.97). 
6.2.3.6 Quality of life 
The Pediatric Quality of Life Inventory (PedsQL) Teenager Report (Version 4.0, 
Varni et al., 1999) was used to compare the perceived quality of life between those 
participants with and without asthma. A widely validated measure in adolescents 
(Varni et al., 2006, Varni et al., 2003, Varni et al., 2001), the 23-item PedsQL 
consists of questions on the participants’ physical, emotional, social and school 
functioning quality, with higher scores indicating a better quality of life. Internal 
reliability for the PedsQL was deemed excellent (α = 0.89-0.90). 
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6.2.3.7 Cardiorespiratory fitness  
20-metre shuttle run  
Cardiorespiratory fitness was estimated using the 20-metre progressive shuttle run 
test, a previously validated field measure in children (Mayorga-Vega et al., 2015). 
The number of shuttles completed before voluntary exhaustion were recorded.  
Peak V̇O2 
Sixty-nine adolescents (39 boys) inclusive of 36 with asthma (21 boys) were selected 
using stratified randomisation to complete incremental ramp tests. The groups were 
stratified for age, sex and condition to provide a representative sample of the wider 
population. Participants performed an incremental ramp exercise test to volitional 
exhaustion on an electromagnetically-braked cycle ergometer (Ergoselect 200, 
Ergoline GmbH, Lindenstrasse, Germany), with individually-adjusted seat and 
handlebar height. The ramp protocol consisted of 3 minutes of “unloaded” pedalling 
(0 W) followed by an increase in work rate of 12-24 W·min-1 dependant on the age 
and height of the participant. Participants were asked to maintain a constant cadence 
(75 ± 5 revolutions per minute) until voluntary exhaustion. Breath-by-breath 
pulmonary ventilation (VE) and gas exchange (V̇O2 and V̇CO2) were recorded 
throughout (Jaeger Oxycon Mobile, Jaeger, Hoechberg, Germany). 
6.2.4 Data analysis 
Peak V̇O2 was taken as the highest 10-second mean attained prior to the end of the 
test. The gas exchange threshold (GET) was determined using the V-slope method 
(Beaver et al., 1986). The GET was also expressed relative to peak V̇O2 (GET% 
V̇O2). Analysis of covariance (ANCOVA) was used to determine the allometric 
relationship between peak V̇O2 and body mass to account for body size using log-
transformed data. Common allometric exponents were confirmed for the data and 
power function ratios (Y/Xb) were computed. Breath-by-breath data were then 
averaged into 10-second time bins and the Mean Response Time (MRT) and gain 
(ΔV̇O2/ΔWR) calculated according to the methods reported by Barstow et al. 
(2000b). Specifically, the gain was determined by linear regression over three 
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segments: S1, from 1-minute into the ramp to GET; S2, from GET to peak V̇O2; and 
ST, over the total range of S1 + S2. Baseline V̇O2 was taken as the mean of the first 45 
seconds of the last minute prior to the increase in work rate. The MRT was 
calculated as the point of intersection between the baseline V̇O2 and a backwards 
linear extrapolation of the V̇O2 by time slope from the onset of the ramp protocol 
(Glantz, 1990). The MRT was also determined using two segments, S1 (MRT1) and 
ST (MRTT, Whipp et al., 1981).  
6.2.5 Statistical analysis 
Shapiro-Wilk tests were used to assess normality. Following identification of normal 
distribution, the influence of asthma and the intervention, and their interaction, was 
assessed using a mixed-model ANOVA (groups – asthma intervention, non-asthma 
intervention, asthma control, non-asthma control). Tukey’s post-hoc analyses were 
conducted to ascertain where differences in time were found. If significant 
differences were found, mixed-design ANCOVA tests were run to adjust for baseline 
maturity. Asthma-specific measures were analysed using repeated measures 
ANOVAs. All analyses were conducted using an intention-to-treat approach, thereby 
including all participants with measures at any time-point; data were subsequently 
analysed using sensitivity analysis on participants who participated in the majority of 
the intervention sessions (>70%). Eta-squared (ηp2) effect sizes were determined 
from baseline to follow-up. All statistical analyses were conducted using SPSS v22 
(IBM Corp, Armonk, NY). All data are presented as mean ± standard deviation (SD) 
with statistical significance accepted as P < 0.05. 
6.3 Results 
The participants with asthma in the intervention group consisted of 87% with mild 
persistent and 13% with moderate or severe asthma, whilst the participants with 
asthma in the control group consisted of 77% and 23%, respectively. This prevalence 
was similar in both the intention-to-treat and sensitivity analyses. Where no 
differences between intention-to-treat and sensitivity analysis were found, results 
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refer to the former. Furthermore, no differences were observed when co-varying for 
maturity offset or Tanner stages and are therefore not reported below. 
6.3.1 Lung function 
A lower FEV1% and FEF25-75 were found in participants with asthma indicating 
more airway obstruction and more marked small airways obstruction, respectively 
(Table 6.4). Those with asthma did not have an obstructed FEV1/FVC ratio. Mixed 
methods ANOVAs revealed no differences between intervention and control, asthma 
and non-asthma for lung function (P > 0.05) according to group or time or a time by 
group interaction. There was, however, a trend for FeNO to reduce in the 
intervention asthma group. 
6.3.2 Asthma control and quality of life 
The intervention had no effect on asthma control or asthma-related quality of life. 
The Minimal Important Difference (MID) for both the ACQ and PAQLQ was a 
change in score of 0.5. Both intervention and control asthma participants 
demonstrated similar results, with 33 and 35 % and 19 and 16 % for ACQ and 
PAQLQ, respectively, scoring above the MID. Similarly, for the PedsQL, there were 
no differences either by time or group, or interactions between time and group (Table 
6.5).  
6.3.3 Body Mass Index 
Body Mass Index was found to be significantly higher in participants with asthma at 
baseline in comparison to their peers. There was a significant effect of time on BMI 
(F (2.23, 782) = 15.4, P < 0.05 ηp2 = 0.04), and a significant difference between 
groups (F (3, 351) = 5.29, P < 0.05 ηp2 = 0.04). However, there was no interaction 
between time and group (F (6.68, 782) = 1.16, P = 0.33 ηp2 = 0.01). Post-hoc 
analyses revealed both asthma and non-asthma control groups, experienced 
significant increases (P < 0.05) in BMI between baseline and post-intervention (21.4 
± 4.4 to 21.8 ± 4.4 kg·m-2 and 19.8 ± 3.3 to 20.3 ± 3.4 kg·m-2, asthma and non-
asthma, respectively). No increases across the intervention were found in either of  
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the asthma or non-asthma intervention groups. Body Mass Index was significantly 
higher than baseline in all groups at follow-up. 
6.3.4 20-metre shuttle run 
No significant effects were found for group, time or group by time interaction for the 
20-metre shuttle run. However, when applying sensitivity analyses, there was a 
significant effect of time (F (3, 386) = 5.44, P < 0.05 ηp2 = 0.04) and a significant 
interaction of group by time (F (9, 386) = 3.23, P < 0.05 ηp2 = 0.06). Post-hoc 
analyses revealed a significant increase in the number of shuttles completed in both 
asthma and non-asthma intervention groups with time, which returned to baseline at 
follow-up.  
6.3.5 Incremental ramp test 
A significant effect of time and interaction between time and the group was 
observed, with no significant effect of group on peak V̇O2. When scaled for body 
size, these differences were maintained with time (F (3, 138) = 8.47, P < 0.05 ηp2 = 
0.16), group by time (F (9, 138) = 2.70, P < 0.05 ηp2 = 0.15), and group (F (3, 46) = 
1.55, P = 0.22 ηp2 = 0.09). Post-hoc analyses revealed significant increases in peak 
V̇O2 in both asthma and non-asthma intervention groups, with follow-up results 
showing a return to baseline levels. No differences were observed in either of the 
asthma or non-asthma control groups across the intervention for peak or scaled peak 
V̇O2 (Table 6.5).  
There were no differences in GET between groups, however, there was a significant 
increase over time in all groups (F (2.23, 138) = 41.56, P < 0.05 ηp2 = 0.48). There 
was no significant between group differences for GET as a percentage of peak V̇O2. 
Post-hoc analyses showed significant increases at post-intervention for the non-
asthma intervention and both asthma and non-asthma control groups, however, 
inclusive of the asthma intervention group, all groups significantly increased from 
baseline to follow-up. Sensitivity analysis also showed that there were no significant 
increases throughout the intervention in GET% V̇O2 for participants in the non-
asthma intervention group. There were no significant differences to either section of   
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the MRT according to time, group or time by group interaction across all time-
points. The gain, however, was found to significantly increase in the intervention 
asthma group for both S2 and ST, with no significant differences observed in any of 
the other groups. 
6.3.6 Intervention intensity 
Throughout the intervention sessions, exclusive of warm-up and cool-down, 
participants’ mean HR (155 ± 18 beats per minute (bpm), 78 ± 9 %HRmax) and mean 
HRmax (188 ± 18 bpm, 95 ± 6 %HRmax) were calculated for each session. During the 
main body of the session, inclusive of both the exercise and rest intervals, HR 
exceeded the threshold of >90%HRmax 24% of the total time.  
6.3.7 Correlations 
All measures were positively correlated with themselves between baseline and post-
intervention, with the exception of the MRT and gain. A weak negative correlation 
was observed between BMI and fitness (r = -0.34, P < 0.05), quality of life (r = -
0.11, P < 0.05) and lung function (r = -0.21, P < 0.05) at baseline, but only fitness (r 
= -0.33, P < 0.05) at post-intervention. Fitness was also weakly correlated with 
quality of life (r = 0.26, P < 0.05) and lung function (r = 0.34, P < 0.05) at all time-
points. However, scaled peak V̇O2 was not associated with quality of life or lung 
function (P > 0.05). 
6.4 Discussion 
The main finding of this study was that HIIT elicited significant improvements in 
cardiorespiratory fitness and maintained BMI in adolescents, irrespective of 
condition. However, HIIT did not elicit significant improvements in lung function, 
asthma control or quality of life. Taken together, these findings suggest similar 
physiological responses to HIIT for asthma adolescents in comparison to their 
healthy peers. Such findings have significant implications and should be taken into 
consideration in the design of future interventions as previously adolescents with 
asthma have been treated differently through exclusion and the perception they are 
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unable to participate and “keep-up” during similar activities to their peers (Trollvik 
et al., 2011, van den Bemt et al., 2010). 
Congruent with previous research (Taylor et al., 2015), the present study found that 
HIIT was associated with increased cardiorespiratory fitness. Specifically, 20-metre 
shuttle run scores significantly improved, irrespective of condition, with no 
significant changes noted for the controls. Furthermore, sub-sample analyses for both 
absolute and body size scaled peak V̇O2 further supported changes in 
cardiorespiratory fitness. Interestingly, the asthma intervention group increased their 
scaled V̇O2 to a greater extent than their non-asthma peers (19 vs. 10%), though such 
findings may have been due to the lower, albeit non-significant, baseline scores for 
those with asthma. Indeed, baseline fitness has been reported to influence the 
magnitude of change elicited by an intervention in youth (Eliakim et al., 1996, 
Mandigout et al., 2001, Tolfrey et al., 1998). Although similar improvements in peak 
V̇O2 following moderate-intensity exercise have been noted in those with asthma (5-
10 ml·min-1·kg-1) over a shorter time-frame (Ahmaidi et al., 1993, Counil et al., 
2003, Varray et al., 1995, Varray et al., 1991), the suitability of continuous exercise 
in those with asthma is questionable. Indeed, research has suggested that prolonged 
monotonous exercise is not enjoyable (McNarry et al., 2015b) and has been shown to 
be a barrier to those with asthma (Chapter 4). Furthermore, it has been suggested that 
asthma symptoms may be triggered by continuous exercise (Sidiropoulou et al., 
2007), highlighting the potential utility of HIIT. 
Although peak aerobic fitness significantly increased, in line with Baquet et al. 
(2001), GET appeared to be unaffected by the HIIT intervention for both those with 
and without asthma, suggesting that training above the GET for short intermittent 
periods may not elicit improvements. The GET%V̇O2 were similar at baseline to 
previous studies (McNarry et al., 2015a), however, contrary to HIIT in normal 
weight children (McNarry et al., 2015b), GET significantly increased in both 
intervention and control groups within the present study. This suggest that increases 
in GET are possibly due to the maturational changes in both those in the intervention 
and control during a period of rapid growth that may have occurred during that time 
(Breese et al., 2010), although a larger study is required to confirm this suggestion.  
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In addition to the GET, irrespective of condition, HIIT did not significantly improve 
the MRT. These findings are somewhat surprising considering the nature of HIIT 
training, involving repeated transitions to vigorous intensity exercise from rest. 
Intriguingly, the MRT in the present study was longer than previously reported in 
healthy children (Barstow et al., 2000a, McNarry et al., 2011a). Inter-study 
comparisons are limited, however, as the ramp rate of the incremental test has been 
found to profoundly affect the MRT (Wilcox et al., 2016). Interestingly, there were 
no differences in MRT between those with and without asthma, suggesting asthma 
does not impede the response to exercise.  
The increase in gain observed over the intervention in participants with asthma is 
suggestive of a positive adaptation in the delivery and utilisation of oxygen by the 
muscles during exercise (Neder et al., 2001). Of note, although no differences in gain 
were observed at baseline, S2 and ST gain increased post-intervention for participants 
with asthma to similar levels to those reported elsewhere in healthy adolescents 
(Fielding et al., 2015). This increase in gain may indicate that HIIT elicits different 
adaptations in those with and without asthma, although this may also be a function of 
the lower baseline levels in those with asthma allowing greater capacity for 
improvement. The lower levels of aerobic efficiency in participants with asthma may 
be related to a decreased lung function and may be a contributory mechanism to the 
onset of early fatigue and the perception that people with asthma are not as fit as 
their peers, although it is worth noting they were not correlated in the current study. 
Indeed, Fielding et al. (2015), found a reduced gain in Cystic Fibrosis patients and 
attributed this to, at least in part, explain the reduced exercise intolerance in Cystic 
Fibrosis when compared to their healthy peers. Importantly, the current study 
demonstrates that the gain of participants with asthma can be improved with a HIIT 
programme.  
Cardiorespiratory fitness was found to have a weak but significant correlation with 
quality of life in those with asthma at baseline. Therefore, improving fitness could 
possibly aid in the self-management of asthma through a potential reduction of 
symptoms and increased ability to participate in exercise with peers over a prolonged 
period. However, contrary to previous exercise interventions (Basaran et al., 2006, 
Fanelli et al., 2007), quality of life did not change over time, irrespective of 
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treatment group or asthma status, perhaps due to the overall weak association with 
cardiorespiratory fitness. Furthermore, there was no change over time for perceived 
asthma-related quality of life, symptoms or asthma control. It could be postulated 
that the lack of improvement in asthma-related quality of life may be due to the mild 
severity of asthma or participants having high baseline values (Fanelli et al., 2007, 
Moreira et al., 2008, Wanrooij et al., 2014), thereby decreasing the likelihood of an 
effect, or indeed need for an effect.  
Whilst the present study is consistent with the majority of the literature which 
similarly found that exercise did not affect lung function (Wanrooij et al., 2014), it is 
pertinent to note that two studies reported a significant increase in FEV1% (8-20%), 
both of which implemented intermittent training (Latorre-Roman et al., 2014, 
Sidiropoulou et al., 2007). This discrepancy may, in part, be related to the severity of 
asthma, with the majority of participants in this study having mild asthma, or to the 
intervention duration; although longer than many previous studies (Moreira et al., 
2008, Wicher et al., 2010), 6-months may have been insufficient to elicit significant 
adaptations in lung function. The inflammatory biomarker (FeNO) was found to be 
unchanged over the intervention with similar findings to that of a previous exercise 
training intervention (Moreira et al., 2008). The variability of FeNO was very large 
(CV = 103%) and therefore no real conclusions can be drawn. Furthermore, as 70% 
of the participants were on inhaled corticosteroids, this may have masked any 
potential exercise effects. Interestingly, although weight reduction has previously 
been shown to improve lung function in the obese/overweight (Latorre-Roman et al., 
2014), within the present study, the increase in BMI in the control group did not 
manifest in any reduction in lung function. Consequently, future studies 
incorporating a longer duration intervention should endeavour to clarify effects on 
BMI and lung function. The current increase in control group BMI is in accord with 
previous literature showing a linear increase in BMI with age (de Souza et al., 2015), 
therefore, the intervention may be able to preclude the typical rise in BMI with age 
in both those with and without asthma. The maintenance rather than a reduction of 
BMI in the intervention group is perhaps a healthier finding considering the 
“normal” BMI of the participants. However, compensatory decreases in physical 
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activity, often observed outside of interventions (Ridgers et al., 2018a), may have 
precluded a reduction in BMI. 
Key strengths of the present study were the more sensitive measures of aerobic 
fitness (GET, MRT and gain) which have not previously been assessed across 
multiple time-points in adolescents with asthma. Nonetheless, several limitations 
should be acknowledged. As with any exercise intervention, there may have been a 
self-selection bias with voluntary participant recruitment. In addition, participants in 
the control schools may have increased their physical activity levels, or those in the 
intervention school may have reduced their time within physical activity, potentially                                             
altering the conclusions drawn from this study. Indeed, this highlights the 
importance of physical activity monitoring within exercise intervention studies, a 
measure that we tried to incorporate, however, unfortunately the adherence to this 
measure was poor and it is therefore not reported. 
Furthermore, although the HIIT intervention was designed using formative research 
(Chapter 4) in order ensure that it was enjoyable and cater to everyone’s needs, 
participants who signed up to the intervention either committed fully, attending a 
large proportion of the 6-months sessions, or had minimal attendance over the 
intervention. The attendance resulted in the use of an intention-to-treat strategy and 
sensitivity analysis, which may have resulted in a loss of power possibly reducing 
the significance of the findings. Such lack of attendance questions the utility of the 
intervention; however, it could be postulated that the timing of the exercise sessions 
reduced participation and that if more optimal timings were possible, a stronger 
adherence could have been achieved. Finally, as participants with asthma were not 
restricted from using their medication, this could account for the lack of difference in 
cardiorespiratory fitness between adolescents with and without asthma. 
6.5 Conclusion 
In conclusion, a HIIT intervention may be an effective tool to increase peak aerobic 
fitness and prevent increases in BMI in adolescents, irrespective of asthma. Of 
importance, adolescents with asthma elicited similar physiological adaptations in 
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comparison to their healthy peers, thereby demonstrating that asthma does not 
influence aerobic fitness or trainability in adolescents. Furthermore, the lack of 
exercise-induced asthma attacks suggests that HIIT is safe for, and well-tolerated by, 
adolescents with predominately mild asthma when on prescribed medication. 
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CHAPTER 7 
EFFECT OF HIGH-INTENSITY 
INTERVAL TRAINING ON 
PULMONARY OXYGEN UPTAKE 
KINETICS IN ADOLESCENTS WITH 
ASTHMA 
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Chapter 7: Effect of high-intensity interval training on pulmonary oxygen 
uptake kinetics in adolescents with asthma 
This Study has been disseminated as follows: 
Oral presentation: Winn CON, Mackintosh KA, Eddolls WTB, Stratton G, Wilson 
AM, McNarry MA, Davies GA (2017). The influence of a six-month high-intensity 
interval training intervention on the pulmonary oxygen uptake kinetics in adolescents 
with and without asthma. European College of Sport Science annual congress; 
Essen, Germany 
7.1 Introduction 
Although peak V̇O2 is widely considered the gold standard measure of aerobic fitness 
(Carey & Richardson, 2003), its relevance and applicability to daily life is 
questionable (Jones & Poole, 2005). As such, the interpretation of previous studies 
investigating the influence of asthma on cardiorespiratory fitness is limited by their 
reliance on peak oxygen uptake (V̇O2). Indeed, sub-maximal fitness accrued through 
sporadic daily activity is arguably better assessed by V̇O2 kinetics which reflect the 
dynamic V̇O2 response to an instantaneous change in the metabolic demand (Grassi 
et al., 1996, Krustrup et al., 2009). The V̇O2 kinetic response has been reported to be 
highly sensitive to both exercise training and disease in adults, although considerably 
less is known regarding the influence of such stimuli in youth populations. In healthy 
adults, training is associated with a faster V̇O2 phase II time constant (Murias et al., 
2010, Raleigh et al., 2016), however, studies in children have shown contradictory 
results. Specifically, a faster V̇O2 kinetic time constant was reported in trained 
compared to untrained children (Winlove et al., 2010) with no differences found in 
two other studies (Cleuziou et al., 2002, Obert et al., 2000). Adolescent studies have, 
however, found training to be associated with a faster V̇O2 kinetic time constant 
(Marwood et al., 2010, McNarry et al., 2011c, Unnithan et al., 2015). A faster V̇O2 
kinetic time constant was also observed following a 6-week High-Intensity Interval 
Training (HIIT) intervention in obese children (McNarry et al., 2015b), though it is 
noteworthy that no influence of HIIT was found in the normal weight children.  
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The determinants of the dynamic V̇O2 response may be displaced by disease (Poole 
& Jones, 2012). Therefore, the derangements in the airways associated with asthma 
may hinder the response to exercise with respect to O2 delivery and utilisation. 
Indeed, recent respiratory disease studies found impaired V̇O2 kinetics in those with 
Emphysema and Idiopathic Pulmonary Fibrosis (McNarry et al., 2017), Cystic 
Fibrosis (Saynor et al., 2016) and Chronic Obstructive Pulmonary Disease (Nery et 
al., 1982, Puente-Maestu et al., 2000) compared with age-matched healthy 
counterparts. This may be attributable to an impaired O2 delivery consequent to 
mismatched ventilation and gas exchange in the lung, causing a low arterial O2 
content (Jones & Poole, 2005).  
Despite widespread interest in HIIT, little is known about the effect of HIIT in 
children or adolescents, and particularly its interaction with asthma. Therefore, the 
aim of this study was to investigate the influence of asthma and HIIT, and their 
interaction, on the dynamic V̇O2 response in adolescents. It was hypothesised that the 
participants with asthma would have slower V̇O2 kinetics than their healthy peers and 
that the HIIT intervention would increase the peak V̇O2 and speed V̇O2 kinetics in 
both groups. 
7.2 Methods 
7.2.1 Participants and study design 
Sixty-nine adolescents (39 boys, 13.6 ± 0.9 years; 36 with asthma, 21 boys) were 
selected using stratified randomisation from 618 participants (Table 7.1) across two 
schools (one intervention and one control). These groups were stratified for age, sex 
and condition (asthma/non-asthma) to provide a representative sample of the wider 
population. Participating schools were randomly selected from fifteen schools 
initially invited to take part in the randomised control trial (the X4A trial: eXercise 
for Asthma with Commando Joe’s). Asthma severity was assessed using the Global 
Initiative for Asthma guidelines (Global Initiative for Asthma, 2017) and classified 
as mild, moderate or severe according to the medication step required to achieve 
asthma control. For the purpose of analysis, moderate and severe asthma were 
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grouped to power the statistics. Participants were excluded if they did not have stable 
asthma (n = 1). Ethical approval was granted by the institutional research ethics 
committee (ref: 140515 and PG/2014/29). Parent/guardian and head teacher consent 
as well as child assent were obtained prior to participation (see appendix A).  
7.2.2 Intervention 
The intervention design was devised on previous research for intensity and duration 
(Wanrooij et al. 2014) and co-developed based on formative work to enable us to 
determine the elements and timing for the intervention (Chapter 4). Participants 
within the intervention group were required to attend a HIIT intervention, three days 
per week, for six-months, in accord with recommendations from recent systematic 
reviews (Eddolls et al., 2017, Wanrooij et al., 2014). The 30-minute intervention 
sessions consisted of a mixture of circuits and games-based activities designed to 
elicit a heart rate of >90% Heart Rate maximum (HRmax), with a 1:1 exercise to rest 
ratio (Hood et al., 2011). Throughout each exercise session, participants’ HR were 
continuously monitored (Activio AB, Stockholm, SWE). Maximal HR was predicted 
using the formula developed by Tanaka et al. (2001), which has been validated for 
use in children and adolescents (Mahon et al., 2010). The intervention was delivered 
by a trained professional from Commando Joe’s® (Manchester, UK). Participants in 
the control group engaged in their usual day-to-day activities. 
7.2.3 Procedures 
The intervention and control groups were assessed at four time-points: baseline, mid-
intervention, post-intervention and at a 3-month follow-up. Participants were asked 
to attend the laboratory at the same time of day (± 2 hrs) four times at each of the 
time-points, separated by a minimum of 24 hours, in a rested and fully hydrated 
state, at least two hours postprandial. 
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7.2.3.1 Anthropometrics 
Body mass and stature were measured according to the techniques outlined by the 
International Society for the Advancement of Kinanthropometry (Stewart et al., 
2011). Stature and sitting stature were measured to the nearest 0.1 cm (Seca213, 
Hamburg, Germany) and body mass to the nearest 0.1 kg (Seca876, Hamburg, 
Germany). Further, lower limb length was calculated as the difference between 
stature and sitting stature and then used to determine maturity offset using the 
equations of Mirwald et al. (2002).  
7.2.3.2 Incremental Test 
All exercise tests were performed on an electromagnetically braked cycle ergometer 
(Ergoselect 200, Ergoline GmbH, Lindenstrasse, Germany), with seat and handlebar 
height adjusted for each participant and kept consistent for all visits at a particular 
time-point. On the first visit, participants performed an incremental ramp test to 
volitional exhaustion to determine peak V̇O2 and the Gas Exchange Threshold 
(GET). The ramp protocol consisted of 3 minutes of unloaded pedalling (0 W) 
followed immediately by an increase in work rate at 12 - 24 W·min-1. Throughout 
the test, participants were asked to maintain a cadence of 75 ± 5 revolutions per 
minute. The peak V̇O2 was taken as the highest 10-second average attained prior to 
exhaustion. The GET was determined using the V-slope method (Beaver et al., 
1986).  The work rate that would elicit 40% of the difference between GET and peak 
V̇O2 (∆40%) was subsequently determined (heavy-intensity), accounting for the 
mean response time for V̇O2 during ramp exercise (i.e., two thirds of the ramp rate 
was deducted from the work rate at the GET and peak (Whipp et al., 1981)). 
7.2.3.3 Step Exercise Tests 
The subsequent three visits enabled the determination of V̇O2, HR and 
deoxyhaemoglobin kinetics using heavy-intensity Constant Work Rate (CWR) tests, 
comprising of six minutes of pedalling with no external resistance followed by an 
abrupt transition to the target work rate, which was maintained for six minutes. The 
participants were asked to maintain a cadence of 75 ± 5 revolutions per minute 
throughout the tests.  
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7.2.4 Measurements 
Pulmonary ventilation (VE) and gas exchange (V̇O2 and V̇CO2) were measured on a 
breath-by-breath basis (Jaeger Oxycon Mobile, Jaeger, Hoechberg, Germany) using 
a facemask with low dead-space connected via an impeller turbine assembly (Jaeger 
Triple V, Hoechberg, Germany). Gas analysers were calibrated prior to each test 
with gases of known concentrations and the turbine volume transducer was 
calibrated using a built-in function calibrated using a 3l syringe (Hans Rudolph, 
Kansas City, MO). The volume and concentration signals were time-aligned by 
accounting for the delay in capillary gas transit and analyser rise time relative to the 
volume signal. The inspired and expired gas volumes and concentration signals were 
continuously sampled at 100 Hz. Heart rate was recorded continuously at a sampling 
frequency of 250Hz (Physio Flow PF-05 Lab1, Manatec Biomedical, France).  
The oxygenation status of the right m.vastus lateralis was also monitored during 
each CWR test using near-infrared spectroscopy (Portamon, Artinis Medical 
Systems, Netherlands). The Portamon device consisted of three light sources 
emitting two wavelengths (760 and 850 nm) and a photon detector. The reflected 
light was recorded continuously at 10Hz and used to estimate the changes in 
concentration of oxygenated, deoxygenated ([HHb]) and total haemoglobin. The 
Portamon device was placed at the midpoint of the muscle using micropore tape 
(3M, Maplewood, MN); to minimise movement and the interference of extraneous 
light, a bandage was wrapped around the Portamon device and leg. In order to 
account for adiposity, BMI was calculated, as a change in adiposity can affect the 
NIRS light source effectively reducing the distance the light can travel into the 
muscle.  
7.2.5 Data Analysis 
To account for body size, analysis of covariance (ANCOVA) was used to determine 
the allometric relationship between peak V̇O2 and body mass using log transformed 
data. Common allometric exponents were confirmed for the data and power function 
ratios (Y/Xb) were computed. 
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7.2.5.1 Oxygen Uptake Kinetic Analysis 
Breath-by-breath V̇O2 responses were first examined using a 5-second moving 
average to identify and remove any errant breaths caused by coughing, swallowing, 
sighing, for example, which were more than four standard deviations from the local 
mean. Each transition was then interpolated to 1-second intervals, time-aligned to the 
start of exercise and averaged to produce a single response profile for each time-
point. Each CWR profile was then corrected for baseline V̇O2 and a mono-
exponential model applied (Equation 7.1): 
Equation 7.1 
𝑌(𝑡)  = 𝐴1(1 − 𝑒
−(𝑡−𝛿1)/𝜏1) 
Equation 7.2 
𝑌(𝑡)  = 𝐴1(1 − 𝑒
−(𝑡)/𝜏1) 
 
where Y is the increase in the parameter (V̇O2, [HHb] and HR) at time t above the 
baseline value (calculated as the mean of the first 45-seconds of the last minute of 
baseline pedalling). A1, δ1 and τ1 are the primary component amplitude, time delay 
(which was allowed to vary freely), and time constant, respectively. Variables 
derived from the mono-exponential (A1, δ1 and τ1) and their 95% confidence 
intervals were determined by least squares non-linear regression analysis (Graphpad 
Prism, Graphpad Software, San Diego, CA). A mono-exponential model was 
selected as a bi-exponential model was found to produce an ambiguous fit to the 
data. Purpose-designed custom software was then used to iteratively fit a single-
exponential function to the V̇O2 data until the window encompassed the entire 
exercise response. The resulting phase II time constants were plotted against time to 
identify the point at which the phase II time constant consistently deviated from the 
previously “flat” profile providing the start time of the slow component (Fawkner & 
Armstrong, 2004b). The amplitude of the V̇O2 slow component was determined as 
the difference between the V̇O2 at end of phase II and at end exercise (t = 360) and 
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presented in absolute terms and as a percentage of end exercise V̇O2. Finally, the 
mean response time (MRT) was calculated by fitting Equation 7.2, from t = 0 to t = 
360.  
7.2.5.2 [HHb] & Heart Rate Kinetics Analysis 
The [HHb] and HR responses to the CWR tests were modelled using a mono-
exponential function. Each transition was interpolated to 1-second intervals, time-
aligned to the start of exercise and averaged to produce a single response profile for 
each measurement time-point. The [HHb] data were baseline averaged, expressed as 
a percentage of end exercise amplitude and then averaged into 5-second time bins. 
The [HHb] was modelled using Equation 7.1 with the time delay identified as the 
time after exercise onset at which [HHb] began a systematic increase above the nadir 
value (Murias et al., 2016). The mono-exponential function was fitted between the 
identified time delay and time at which end of phase II was identified by the mono-
exponential model of the V̇O2 kinetics. The HR response was modelled by both 
Equations 7.1 and 7.2, as per previous research (McNarry et al., 2017, Murias et al., 
2010); however, Equation 7.1 was selected for analysis as it was deemed the superior 
fit for 91% of transitions (Graphpad Prism, Graphpad Software, San Diego, CA). 
The model was fitted between t=0 and t=360. The [HHb] time delay and time 
constant were subsequently summed to give the MRT. Additionally, to assess the 
fractional O2 extraction and O2 delivery, the [HHb]/V̇O2 ratio was calculated (Murias 
et al., 2011). Both [HHb] and V̇O2 data were normalised for each participant, with 
the V̇O2 left-shifted by 15s to account for the cardiodynamic phase (Murias et al., 
2010). Values found to be greater than 1.0 reflect a greater reliance on fractional O2 
extraction and a poorer local O2 delivery relative to muscle O2 utilisation compared 
with the exercise steady-state (values = 1.0). Each of the data sets were then 
averaged into 5s time bins and the ratio of [HHb]:V̇O2 calculated for each time bin. 
Subsequently, the average of all the individual time bins was calculated to produce 
an overall “mean” ratio. 
7.2.6 Statistics 
The data were normally distributed, assessed by the Shapiro-Wilk test. To assess the 
influence of asthma, the intervention and their interaction, a mixed model ANOVA 
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was used with subsequent Tukey’s post-hoc comparisons when significant main 
effects were found. Pearson’s correlation coefficients were used to investigate the 
degree of association between key variables. 
All analyses were conducted using the intention-to-treat approach, including all 
participants with measures at all time-points. Furthermore, data were subsequently 
analysed using a sensitivity analysis on the participants who participated in the 
majority of the intervention sessions (>70%). Eta-squared (ηp2) effect size was 
calculated from baseline to follow-up. 
All statistical analyses were conducted using SPSS v22 (IBM Corp, Armonk, NY). 
All data are presented as means ± standard deviation (SD). Statistical significance 
was accepted when P < 0.05. 
7.3 Results 
Participants’ maturity increased throughout the study, with increases in stature and 
body mass observed in each group, a full breakdown of participants’ descriptive 
statistics is shown in Table 7.1. The participants with asthma in the intervention 
group consisted of 87% with mild persistent and 13% with moderate or severe 
asthma, whilst the participants with asthma in the control group consisted of 77% 
and 23%, in these groups respectively. This prevalence was similar in both the 
intention-to-treat and sensitivity analyses. Where no difference between intention-to-
treat and sensitivity analysis was found, results refer to the former. 
7.3.1 Incremental Ramp Exercise 
There was a 28% drop-out rate for the incremental ramp measures, however this 
includes 15% who missed one time-point due to external factors. There was no 
significant difference between the intervention and control groups or asthma and 
non-asthma participants at baseline (Table 7.2). The intervention was associated with 
a significant increase in peak V̇O2 at post-intervention, irrespective of asthma status, 
which returned to baseline at follow-up. No significant changes in peak V̇O2 were 
found in the control groups with time or between those with and without asthma at 
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any time-point. These differences were maintained when scaled for body size, with a 
higher scaled peak V̇O2 at post-intervention in the intervention groups but no change 
in control groups.  
There was no difference in the GET between those with and without asthma. 
Irrespective of treatment group, the GET significantly increased with time. However, 
sensitivity analysis revealed the GET did not significantly increase over the 
intervention, regardless of asthma status. In agreement, when expressed relative to 
peak V̇O2 (GET% V̇O2), there was no difference in relative GET between groups.  
7.3.2 Constant Work Rate Exercise 
At baseline, participants with and without asthma did not significantly differ in any 
of the parameters of the dynamic V̇O2 (Figure 7.1 & 7.2), HR or [HHb] response 
(Tables 7.2 & 7.3). The phase II amplitude significantly increased throughout the 
intervention (F (3, 138) = 18.9, P < 0.05 ηp2 = 0.29). Post-hoc analyses revealed that 
all groups, except the control asthma group, significantly increased the phase II 
amplitude between baseline, post-intervention and follow-up. A slow component 
was evident in all participants, but no effect of asthma or the intervention was 
manifest. A significant increase in MRT across time-points (F (2.1, 97) = 6.6, P < 
0.05 ηp2 = 0.13) was found, with post-hoc analyses attributing differences between 
baseline and follow-up in participants with asthma in the intervention group. 
However, the sensitivity analysis found no differences in MRT across time in any 
group. 
The HR kinetics showed a significant main effect for time for HR amplitude (F (3, 
132) = 10.4, P < 0.05 ηp2 = 0.19) and for group in both HR amplitude (F (3, 44) = 
3.2, P <0.05 ηp2 = 0.17) and HR time constant (F (3, 40) = 3.7, P < 0.05 ηp2 = 0.22). 
Post-hoc analyses showed HR amplitude significantly increased from baseline to 
post-intervention in both intervention and control non-asthma groups, with a further 
increase at follow-up in the control non-asthma group. Further, HR amplitude was 
found to be significantly higher in non-asthma compared to asthma intervention 
groups at post-intervention.  
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Figure 7.1. Pulmonary oxygen uptake response during heavy-intensity 
exercise in asthma 
 
Figure 7.2. Pulmonary oxygen uptake response during heavy intensity 
exercise in  non-asthma 
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No changes in BMI occurred in the participants over the course of measures in either 
the intervention or control groups, therefore any changes observed in the [HHb] 
kinetics are not thought to be due to changes in adiposity. A significant main effect 
for time was found for the [HHb] time delay (F (3, 134) = 3.1, P < 0.05 ηp2 = 0.07), 
time constant (F (3, 132) = 2.8, P <0.05 ηp2 = 0.06) and MRT (F (3, 129) = 1.9, P < 
0.05 ηp2 = 0.04), but not the overall [HHb]:V̇O2 ratio. Post-hoc analyses showed the 
[HHb] τ, time delay and τ´ to significantly increase between mid-intervention and 
follow-up in the intervention asthma group. Sensitivity analyses showed no 
significant difference between time-points or groups for the [HHb] time constant or 
the MRT. There were no differences between those with and without asthma at 
baseline for [HHb]:V̇O2. A transient overshoot in the [HHb]:V̇O2 response was 
observed following the step change in exercise demand, irrespective of group.   
There were significant relationships at baseline between scaled peak V̇O2 and V̇O2 τ 
(r = -0.27; P = 0.03), V̇O2 amplitude (r = 0.75; P < 0.05), slow component amplitude 
(r = 0.46; P < 0.05), HR τ (r = -0.39; P < 0.05) and [HHb] τ (r = -0.26; P < 0.05). At 
baseline V̇O2, [HHb] and HR τ were not associated with any other parameters. Post-
intervention measures showed significant relationships between scaled V̇O2 and V̇O2 
amplitude (r = 0.87; P < 0.05), slow component amplitude (r = 0.52; P < 0.05), and 
[HHb] τ (r = -0.39; P < 0.05). Post-intervention V̇O2, [HHb] and HR τ were not 
associated with any other parameters. 
7.3.3 Intervention Intensity 
Throughout the intervention sessions, exclusive of warm-up and cool-down, 
participants’ mean HR and mean HR peak were 155 ± 16 and 189 ± 12 beats·minute-
1, respectively (78 ± 8%HRmax and 95 ± 6%HRmax). The HR exceeded the threshold 
of >90%HRmax on average of 24% of the total time.  
7.4 Discussion 
This is the first study to investigate the influence of asthma, HIIT and their 
interaction on the dynamic pulmonary V̇O2 response and its determinants, including 
HR and localised muscle fractional oxygen extraction. One of the main findings of 
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the present study was that the V̇O2 kinetics of adolescents with asthma were not 
significantly different from their healthy peers. The HIIT intervention, however, did 
not significantly improve the V̇O2 kinetic response of the adolescents, irrespective of 
asthma, although it may be able to elicit significant improvements in peak V̇O2. 
Taken together, these findings demonstrate that asthma does not limit the response to 
exercise or training. The findings also suggest that HIIT may not engender peripheral 
adaptations in muscles which are of a differing modality to that of the intervention, 
such as enhanced oxygen utilisation as reflected by the [HHb] response, in 
adolescents. 
In contrast to the hypothesis and previous studies (Berntsen et al., 2009, Pianosi & 
Davis, 2004), asthma did not affect peak V̇O2 or V̇O2 kinetics responses. Given that 
adolescents with other chronic airway conditions, such as Cystic Fibrosis, have been 
shown to have impaired V̇O2 kinetics (Fielding et al., 2015, Saynor et al., 2016), it 
was anticipated that this would also be manifest in adolescents with asthma. This 
lack of effect could have been due to the current participants being predominantly 
characterised by mild asthma which may have been insufficient to cause 
derangements. Indeed, if participants administered their medication as prescribed, 
this could have potentially “normalised” these adolescents in comparison to their 
healthy peers; as taking their medication should control exercise induced symptoms 
of asthma (Minic & Sovtic, 2017). It is perhaps pertinent to note, however, that even 
in those with mild asthma, a lower peak V̇O2 has previously been reported compared 
to their healthy age- and sex-matched counterparts (Clark & Cochrane, 1988, 
Garfinkel et al., 1992, Vahlkvist & Pedersen, 2009). Furthermore, in agreement with 
other studies in children (Breese et al., 2010, Fawkner & Armstrong, 2004a, 
McNarry et al., 2015b), there was no correlation between peak V̇O2 and the V̇O2 
kinetic time constant, questioning the applicability of findings with regards to peak 
V̇O2 to the dynamic V̇O2 response. Additionally, the absence of influence of asthma 
may be related to the derangements associated with asthma taking longer to manifest. 
The current findings therefore suggest that there is no deconditioning effect of 
asthma on the dynamic V̇O2 kinetics response in adolescents.  
The HIIT intervention in the present study elicited a significant increase in peak V̇O2, 
but no changes were observed in the V̇O2 kinetics, in agreement with previous 
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findings in healthy children (Lambrick et al., 2016), but contradicting findings in 
adults (McKay et al., 2009, Raleigh et al., 2016) who undertook moderate-intensity 
step tests. Whilst this failure to elicit significant adaptations in the dynamic V̇O2 
response could question the applicability of heavy-intensity V̇O2 kinetics in youth to 
assess the influence of HIIT interventions, this may also be attributable to a lack of 
commonality between the training and testing modalities. Specifically, whole-body 
HIIT exercises in the current study and that of McNarry et al. (2015b) were assessed 
via cycle and treadmill ergometry, respectively, whereas a cycle ergometer was used 
for both training and testing in previous studies that have reported significant 
improvements (McKay et al., 2009, Raleigh et al., 2016). This apparent importance 
of exercise modality may be related to the relative contribution of central and 
peripheral adaptations to training-induced increases (Poole et al., 2008); peripheral 
adaptations suggested to be predominantly elicited by HIIT could have been manifest 
in muscles not substantially utilised during cycle ergometry, masking the effect of 
the training intervention. Indeed, the differential effect of HIIT on the central and 
peripheral determinants of aerobic fitness may, at least in part, explain the 
dissociation between peak V̇O2 and V̇O2 kinetics in the present study. This finding 
agrees with suggestions that, while a higher peak V̇O2 is usually associated with 
faster V̇O2 kinetics, the speed and amplitude of V̇O2 kinetics are dissociated from 
peak V̇O2 (Poole & Jones, 2012). Finally, when interpreting the present results it is 
important to note that, converse to some (Christensen et al., 2016) but not all 
(McNarry et al., 2015b) previous studies reporting a significant effect of HIIT, the 
target work rate was reassessed at each time-point, potentially normalising any 
speeding in the V̇O2 kinetics response. Indeed, a greater phase II amplitude following 
HIIT was observed in the present study, implying participants were achieving a 
greater absolute response in the same time. 
The dissociation between peak V̇O2 and V̇O2 kinetics and the lack of effect of HIIT 
may partially be explained by increases in maturity from baseline to follow-up. 
Specifically, in a two year longitudinal study, the V̇O2 kinetics of healthy children 
were found to be characterised by a slowed time constant and increased V̇O2 slow 
component, which may be related to a reduced exercise tolerance (Breese et al., 
2010). It may therefore be suggested that the HIIT intervention was able to 
146 
 
counteract the slowing of V̇O2 kinetics associated with increased maturity. 
Additionally, or perhaps alternatively, adolescents’ baseline fitness may have been 
an influential factor in determining the response to training. However, whilst there is 
a strong relationship between baseline peak V̇O2 and the degree of change (Eliakim 
et al., 1996, Mandigout et al., 2001), there is a paucity of research in relation to the 
V̇O2 kinetics response. Moreover, the baseline V̇O2 time constants observed in the 
current study, which are typical for their age group, are faster than usually reported 
in healthy, untrained adults (Armstong & McNarry, 2016), thereby potentially 
limiting the capacity for improvement.  
The lack of favourable adaptations elicited by the HIIT intervention in the V̇O2 
kinetic response is reflected in the lack of effect on the HR or [HHb] kinetics, which 
broadly reflect bulk oxygen delivery (MacPhee et al., 2005) and local fractional O2 
extraction (DeLorey et al., 2007, Grassi et al., 2003), respectively. Interestingly, 
there was a slowing of the [HHb] response, which was significant in the asthma 
intervention group at follow-up. This may indicate that the age-related slowing in 
V̇O2 kinetics congruent with previous research (Breese et al., 2010) may be 
attributable to an altered muscle O2 extraction. Indeed it could be postulated that 
such a decrease in oxidative capacity is a consequence of the increased glycolytic 
capacity typically observed with growth and maturation (Kriketos et al., 1997). The 
lack of effect of time or intervention on the HR time constant is consistent with 
previous research which purports that the V̇O2 kinetic response is not limited by O2 
delivery in healthy populations during upright exercise (Poole & Jones, 2012). 
Fundamental to the definition of HIIT is the use of a high exercise intensity 
throughout the intervals to engender a significant physiological response. In accord 
with recent reviews (Costigan et al., 2015, Eddolls et al., 2017), the target intensity in 
the current study was >90%HRmax (Hood et al., 2011), but the continuous HR data 
collected demonstrated that the participants typically averaged ~80% HRmax. Whilst 
this is still above the threshold suggested to be associated with physiological gain 
(Baquet et al., 2003), the short bout duration and faster recovery of children’s heart 
rates compared to adults (Falk & Dotan, 2006) may have interacted to reduce the 
stimulus received. Specifically, children will have returned to nearer baseline values 
between each bout, thereby requiring a greater subsequent intensity or duration to 
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increase their HR above the target 90%HRmax threshold. Indeed, a higher average HR 
was reported by Lambrick et al. (2016) who utilised longer bout durations. However, 
it is worth noting the significantly longer study duration of the current intervention 
relative to other studies (Baquet et al., 2001, Tjonna et al., 2009, Weston et al., 
2016), which have typically used 2-3 month interventions. It is therefore likely that 
these short interventions will be associated with a higher average HR as the 
participants will only have to attend fewer sessions, perhaps giving more effort for 
each one. Further work is required to elucidate the optimal work to rest ratios and 
durations in children to enable the sustained attainment of the target HR.  
The repeated transitions to determine the dynamic V̇O2, HR and [HHb] responses at 
each time-point was a strength to the study which allowed confidence in the results, 
with 95% confidence intervals (< 5 seconds) well within those recommended by 
Fawkner and Armstrong (2003). Furthermore, whilst previous research has 
implemented HIIT interventions, no study has considered the sustainability of HIIT-
induced training adaptations through the inclusion of a 3-month follow-up. 
Nonetheless, the study is not without its limitations. Specifically, it is not possible to 
preclude the potential for a self-selection bias, whereby adolescents whom enjoyed 
exercise were more likely to volunteer to participate. However, the baseline peak 
V̇O2 of the current participants does not suggest they were highly active or trained 
(37-41 ml·min-1·kg-1 vs. trained = 54 ml·min-1·kg-1, untrained = 43 ml·min-1·kg-1 
Marwood et al., 2010). Although the age- and sex-matched controls should have 
accounted for differences in training effects, the sample size resulted in pooling boys 
and girls for analysis which may have reduced interpretation. Indeed, Lai et al. 
(2016) found that adolescents HR and V̇O2 kinetics differ between sexes and 
therefore future studies should seek to recruit larger sample sizes to allow the 
independent analysis of boys and girls.  
7.5 Conclusion 
In conclusion, asthma does not deleteriously influence the cardiorespiratory fitness of 
adolescents, with a similar peak V̇O2 and V̇O2 kinetics at baseline, demonstrating the 
potential to integrate participants irrespective of condition into future exercise 
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interventions. Moreover, the consistent significant increases in peak V̇O2 irrespective 
of asthma status suggest that the magnitude of training-induced improvements in 
cardiorespiratory fitness are unaffected by asthma. Whilst the six-month HIIT 
intervention did not engender favourable adaptations in the dynamic V̇O2 response, it 
may have attenuated the age-related decline typically reported, and therefore future 
research should evaluate the differences pre- and post-puberty.  
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Aims: 
- To investigate the influence of asthma and HIIT, and their interaction, on the 
dynamic V̇O2 response in adolescents 
Key findings for future chapters 
- Asthma does not deleteriously influence the V̇O2 response to an instantaneous 
change in the metabolic demand 
- HIIT did not elicit any significant improvements in the V̇O2 kinetics 
irrespective of asthma but may be able to attenuate the age-related decline 
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Chapter 8: Synthesis 
The importance of exercise and physical activity for adolescents with asthma is well-
recognised but little was previously known about the influence of a specific exercise 
intervention in those with asthma and its ability to reduce asthma symptoms. The 
purpose of the thesis was therefore to ascertain the perceptions of not only 
adolescents with asthma but their healthy peers of asthma and those affected by its 
ability to exercise in order to co-develop, implement and evaluate a HIIT 
intervention to improve asthma symptoms and quality of life. The current chapter 
will synthesise this research, considering the findings of each of the studies and their 
implications as a whole.  
8.1 General discussion 
8.1.1 Perception vs. ability of adolescents with asthma  
Participants with asthma in study 1 (Chapter 4) perceived themselves to be limited 
during exercise by their condition and to be less fit than their peers. Some of the 
adolescents with asthma were unable to keep up with their friends and would 
regularly sit out of physical education lessons and other sporting activities. 
Restriction due to asthma in physical education lessons and during social time with 
peers led to participants feeling isolated as they were unable to keep up. As those 
with asthma would sit out or stop exercising, occasionally using it as an excuse, 
contradicting previous research (Protudjer et al., 2012), adolescents without asthma 
developed the perception that their peers with asthma were less able than themselves.  
Participants with asthma were found to be less fit than their healthy peers when 
considering the number of 20-metre shuttle runs completed, however, this 
measurement is often subject to significant inaccuracies dependent on self-
motivation and peer influence (Cairney et al., 2008). Moreover, participants with 
asthma were found to have a higher BMI than their peers and therefore, in 
combination with use of inhalers for fear of asthma attack (Protudjer et al., 2009), 
they may have been embarrassed to perform maximally in front of peers. The 20-
metre shuttle run test may therefore reflect a reinforced learning effect whereby 
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many were repeatedly told by parents and carers to limit themselves, unnecessarily, 
due to their condition (Callery et al., 2003, Dantas et al., 2014). It is, however, 
important to note that this would not have applied to all those with asthma as some in 
the present study were found to be competitively motivated to show that their 
condition does not limit them (Chapter 4). Indeed, the results from study 3 and 4 
(Chapter 6 and 7) indicate that this fear of asthma attacks was unwarranted as the 
adolescents with asthma tolerated the exercise programme well with no asthma 
attacks during any of the HIIT intervention sessions or physiological testing. 
Furthermore, no differences between those with and without asthma have been found 
in any of the four parameters of aerobic fitness (Whipp et al., 1981). From these 
findings, adolescents with asthma - albeit mostly mild asthma - are as fit as their 
peers (Chapter 5) and are able to adhere and improve their fitness suggesting the 
condition does not affect trainability (Chapter 6 and 7).  
When sitting out of physical education, or when unable to “keep up” with their peers, 
adolescents with asthma miss out on the benefits of the exercise. Whether the self-
exclusion is an excuse to avoid exercising or a fear of asthma attack and having to 
use their inhaler in front of their peers, not engaging in exercise may increase their 
symptoms and decrease their control over a prolonged period, potentially reducing 
their fitness (Lang et al., 2004, Vahlkvist et al., 2010). If adolescents with asthma are 
having to sit out of exercise then their control is not optimal as they should be able to 
participate in exercise (Berntsen, 2011). One potential factor behind adolescents’ 
withdrawal from exercise is the misinterpretation of the normal exercise response in 
healthy children, such as increased breathing rate, heart rate and sweating (Rietveld 
et al., 2010, Williams et al., 2010). Adolescents with asthma may perceive these 
physiological responses as asthma symptoms and therefore withdraw from exercise 
to avoid an asthma attack. Continued participation in exercise would be a potential 
cure for this as they would learn to distinguish between normal exercise exertion and 
asthma symptoms.  
A healthcare utilisation questionnaire (Appendix C) was developed as part of the 
study to assess the burden of the participants’ asthma including medication use. The 
questionnaire revealed that adherence to medication was indeed an issue, with some 
participants reporting “taken when needed” with regards to their preventer inhaler 
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that should be taken daily. Therefore, these participants would not have experienced 
the full benefit of their treatment (Chapman et al., 2017), resulting in poorer control. 
The questionnaire was poorly answered in general (with both missing names and 
amounts of medication prescribed) and the results were somewhat subjective (with 
regard to categorising the participants as mild/moderate or severe), however, it is 
important to identify people at risk of non-adherence in future studies as it can be a 
predictor of poor control (Price et al., 2015) and asthma exacerbations (Murphy et 
al., 2012, Williams et al., 2011). If these adolescents with asthma were to increase 
their fitness, which is possible as evidenced by studies 3 and 4 (Chapter 6 and 7) 
showing no difference between them and their healthy peers’ trainability, their 
normal exercise exertion characteristics would reduce (Gutin et al., 2002). If, 
however, exercise provokes their asthma symptoms, then their asthma management 
needs amendment, as well-controlled asthma should not affect a person’s ability to 
participate in exercise (Berntsen, 2011). Furthermore, adolescents may not be 
adhering to their prescribed medication, as evidenced by the healthcare utilisation 
questionnaire, potentially assuming that their asthma has been cured due a lack of 
symptoms in recent months, which may put them at a higher risk of an attack 
(Chapman et al., 2017).  
Withdrawing from exercise as it is perceived as a trigger for asthma symptoms may 
put those adolescents at an increased risk of becoming obese (Hallstrand et al., 
2000). Not only do adolescents with asthma avoid exercise (Chapter 4), moderate-to-
vigorous physical activity (MVPA) is also lower in these participants as shown in 
study 2 (Chapter 5). Exercise avoidance in combination with lower levels of MVPA 
may contribute to the increased BMI of participants with asthma observed in study 2 
(Chapter 5). The asthma obesity phenotype directionality is not currently known, 
however, the findings from the study suggest fear of asthma attack may promote the 
development of obesity, although this does not rule out the bidirectional theory. The 
results from this thesis suggest that, with well controlled asthma, there should be no 
difficulty in participating in physical activity or exercise which may subsequently aid 
in weight management and possibly reduce symptoms and improve quality of life, as 
evidenced by previous studies (Ram et al., 2000).  
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8.1.2 Intervention evaluation 
In the following section, the HIIT intervention will be broken down and different 
elements will be discussed. Specifically, elements shown to have worked and 
strengthened the study as well as those which did not function as planned will be 
discussed, as these may aid in guidance for further work.  
Although the intervention was informed by both study 1 (Chapter 4) and systematic 
reviews by Eddolls et al. (2017) and Wanrooij et al. (2014), the adherence was poor. 
Indeed, of the 221 adolescents to sign up for the intervention, only 44 were deemed 
to have attended enough of the sessions (>70% of the sessions) to be included within 
the sensitivity analysis. It is postulated that the lack of attendance was due to the 
sessions taking place either before or after school. Participants articulated that they 
had other commitments, ranging from school sport to being young carers, or that they 
just didn’t want to get out of bed earlier to participate. Previous school-based 
interventions have used physical education lessons to run HIIT sessions (Costigan et 
al., 2016, Weston et al., 2016). However, when the school involved was approached 
and running the intervention during lesson time was suggested, the school were 
unwilling due to curriculum requirements. An additional benefit of this approach 
would have been the inherent separating of age groups as having mixed ages was 
cited as a barrier to exercise for some participants. It is worth noting that those who 
participated throughout highlighted the good relationships they developed with their 
peers in mixed age groups (information sought through informal discussions with the 
adolescents after the sessions) which could aid in personal development. Other time 
slots were considered in the design of the intervention, such as form period, break 
and lunch, however, not only did the head teacher not want the pupils’ free time 
taken up, the length of time would not have been sufficient. Nonetheless, given a 
recent meta-analysis purporting the efficacy of extremely low doses of HIIT (Weston 
et al., 2014b), future studies could seek to incorporate shorter sessions into a physical 
education lessons without too much disruption.  
 
 
155 
 
 
The sessions were implemented by an external facilitator from Commando Joe’s® 
for two reasons: i) the instructor had professional training working with and 
implementing exercise interventions with children and adolescents and ii) for 
pragmatic reasons as due to the time consuming nature of collecting measures from 
participants within both the intervention and control schools, the research team was 
not always available to attend the intervention sessions. Potential issues do arise 
when using an external facilitator such as their motivation and scientific rigor. The 
sessions, however, were delivered as intended, starting with shorter exercise to rest 
periods of 10 seconds and increasing to 30 seconds over the first few weeks, in line 
with previous HIIT intervention exercise to rest ratios (Costigan et al., 2016). The 
exercise sessions were varied each day, informed by suggestions from study 1 
(Chapter 4), and the facilitator was able to adapt each exercise to suit the ability of all 
participants. The sessions were, however, disrupted by some participants (arguing 
with each other or shouting at/not listening to the instructor) and therefore in order to 
keep the sessions running smoothly, discipline was required which extended some of 
the rest periods. The intervention was also possibly hindered by the number who 
attended in the first few sessions as there was overcrowding and therefore 
encouragement based on the real time monitoring of heart rate was reduced. The 
overcrowding, due to the school moving the session from their larger sports hall to 
their small gymnasium due to a schedule clash the teachers did not make us aware of, 
at the start of the intervention also likely exacerbated dropout rates as the sessions 
were required to be more regimented to stick to the prescribed exercise intensities.  
The intervention only elicited an average of ~80% heart rate maximum over the 
exercise session, which, whilst still above the threshold for physiological gain 
(Baquet et al., 2003), fell short of the target of >90% heart rate maximum. It is 
pertinent to note, however, that this average includes the rest periods; in addition, 
due to the vigorous nature of the intervention, the belts would shift resulting in a loss 
of signal (which registered results which began at zero and gradually increased to 
their actual heart rate through averaging) and therefore the actual heart rate achieved 
during the exercise bouts is likely to be significantly higher. Future studies should 
consider methods to more accurately determine the actual exercise intensity during 
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each exercise session to allow the dose-response relationship to be elucidated 
between HIIT and physiological adaptation in adolescents with and without asthma. 
The length of the intervention may also have been associated with decreased 
enjoyment with time, despite the attempts to ensure varied exercise from one session 
to the next. The variety of exercises made it a more inclusive intervention due to 
different exercises appealing to different individuals. Although the specific exercises 
were based around the formative research in study 1 (Chapter 4), the time of year at 
which this was conducted limited the applicability of some suggestions, such as 
exercising outside due to the temperature being far below that experienced during the 
summer term. Moreover, both the before and after school sessions were affected by 
the lack of daylight hours as the majority of participants walked to school. A 
thorough process evaluation was beyond the scope of this thesis but should be 
incorporated into future interventions to ensure lessons are learnt and fed-forward for 
subsequent studies.  
8.1.3 Effect of HIIT on asthma, fitness, obesity and physical activity 
This thesis provides an insight into the effect of high-intensity interval training 
(HIIT) on adolescents with asthma. Study 1 (Chapter 4) highlighted that although 
adolescents with asthma fear asthma attacks caused by physical activity, exercise 
was still their favourite activity to participate in. There was also a general perception 
that those with asthma participated in as much MVPA as their peers and could be as 
fit. However, study 2 (Chapter 5) showed that adolescents with asthma participated 
in significantly less MVPA in comparison to their healthy peers, consistent with 
previous work (Pianosi & Davis, 2004, Vahlkvist & Pedersen, 2009). In addition, 
participants with asthma had a significantly higher BMI than their peers with more 
overweight and obese adolescents in comparison, potentially due to the lack of 
physical activity (Walders-Abramson et al., 2009). Cardiorespiratory fitness, 
however, was shown to not be significantly different between those with and without 
asthma and was not different to other studies with untrained adolescents, as 
evidenced by the results in study 2, 3 and 4 (Chapter 5-7). Whilst the participants 
with asthma suffered characteristic impairments in their large (FEV1, FEV1/FVC) 
and small (FEF25-75) airways, these did not translate into derangements in the O2 
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delivery pathway (Wasserman et al. 1994). Indeed, contrary to previous findings in 
pulmonary diseases (McNarry et al., 2017, Nery et al., 1982, Puente-Maestu et al., 
2000, Saynor et al., 2016), this study did not find that V̇O2 kinetics were 
deleteriously deranged by asthma. The lack of impairment in the V̇O2 kinetics 
suggests that partially reduced lung function does not influence the O2 transport 
system in response to an instantaneous change in the metabolic demand. Moreover, 
as hypothesised there was no impairment in the O2 utilisation as assessed by [HHb] 
kinetics in adolescents with mostly mild severity of the disease and findings may be 
different in more severe populations.  
 
Adolescents with asthma perceived that HIIT would be harder than those without 
asthma, as shown in Figure 4.3; however, the HIIT intervention was well tolerated as 
demonstrated by the absence of asthma attacks. As asthma medication was not 
withheld prior to or during exercise this may have aided in alleviating asthma 
symptoms, but confirms that as long as asthma is correctly controlled, there should 
be no issue in exercise participation (Minic & Sovtic, 2017). Asthma-related quality 
of life was found to be significantly associated with cardiorespiratory fitness in study 
2 (Chapter 5) and previous research (Fanelli et al., 2007), however, although 
increased fitness was observed throughout the intervention, an improvement in 
quality of life was not observed in study 3 (Chapter 6) or by others (Moreira et al., 
2008). Interestingly, BMI did not improve and therefore, could be a reason for the 
disparity between fitness and quality of life. However, control participants’ BMI did 
increase over the period of the intervention, with no reduction in quality of life. 
Moreover, the intervention participants at follow-up also had an increased BMI but 
no changes in quality of life. Therefore, it could be postulated that quality of life is 
based on the severity of asthma, rather than fitness or BMI; it was not possible to 
assess this due to challenges with grading severity through self-reported medication. 
Additionally, or alternatively, quality of life could be influenced by total physical 
activity which could not be tracked due to poor adherence and/or meeting the wear 
time criteria. It could, however, be hypothesised that external factors, such as school 
work, could have abolished any improvement in quality of life elicited by the 
intervention (McDonald, 2001). Indeed, measures at the mid-point and follow-up 
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would have coincided with January or just followed summer exams which may have 
clouded our interpretation as to the effect of the intervention.  
8.2 Study strengths and weaknesses  
A great strength of this study is not only providing a comparison to a control asthma 
group, but also to their healthy peers, both in the intervention and control schools. 
This inclusive approach would have hopefully avoided any stigma associated with 
asthma through not singling out adolescents with the condition but incorporating 
them within a study of their peers. The inclusiveness of the study aided in co-
developing the intervention, which helped target exercise that both those with and 
without asthma would enjoy. Moreover, whilst the intervention was run by 
Commando Joes®, it was not laboratory based demonstrating that it can be 
implemented in a real world setting without any additional equipment, adhering to 
the protocol and exercises highlighted in Tables 6.2 and 6.3. A further strength of the 
thesis was the addition of more sensitive aerobic fitness parameters (gas exchange 
threshold, mean response time, gain and V̇O2 kinetics), which have not previously 
been assessed in adolescents with asthma.  
Nonetheless there are inherent limitations in this thesis which should be 
acknowledged. As the thesis was based around an exercise intervention, the potential 
for self-selection bias must be noted, as with any voluntary intervention. Adolescents 
with more severe asthma or exercise induced bronchoconstriction (EIB) may have 
not participated as it was found in study 1 (Chapter 4) that they often withdrew from 
exercise. It may question whether the study was able to target the correct group of 
adolescents with asthma as the asthma may have been so mild that no effect was 
there to be measured. However, measurable objective markers of asthma were 
present, namely evidence of airways inflammation and reduced lung function. Future 
studies could try to recruit participants with more severe asthma, although it is 
important to note that for the current inclusive study, it was not considered ethically 
sound to recruit and those with asthma to participate without voluntary participation. 
The selection bias is extended to the sub-sample measures of fitness as participants 
may have opted out of the measures due to their perception of strenuousness. 
159 
 
However, as noted in study 3 (Chapter 6), the baseline measures of peak V̇O2 of the 
participants did not suggest they were highly active or trained. Moreover, the 
differences in 20-metre shuttle run between those with and without asthma could 
suggest the selection bias for the incremental exercise test may have been more 
prominent in participants with asthma owing to the lack of difference between the 
two groups’ peak V̇O2 results. Due to the self-selection bias, the results from the 
current study may not be applicable to the general asthma population. 
The power analysis used to determine sample size was originally calculated to detect 
a change in asthma-related quality of life, as outlined in the general methods section, 
and therefore due to the lack of sustained attendance at the intervention, the loss of 
power may have reduced the significance of the findings. In order to counteract any 
possible skewing of the data by use of intention-to-treat analysis, sensitivity analysis 
was used to confirm the findings. Due to the reduction in sample size when using 
sensitivity analysis, no differences were found when covarying for sex or maturation, 
potentially as the sample was required to be larger to power the tests. Finally the 
pooling of boys and girls for analysis may have reduced the interpretation of the 
findings; however this may have been mitigated in part by the age- and sex-matched 
controls. 
It is also pertinent to note the limitations behind grading asthma severity by 
medication step as it is based on the assumption that participants are prescribed, and 
use, the medication appropriately (Global Initiative for Asthma, 2017, Taylor et al., 
2008). According to the healthcare utilisation questionnaire (Appendix C), it was 
clear that participants with asthma were unaware of the type of medication that they 
were taking and whilst they knew how often their inhalers were prescribed to be 
taken, few adhered to this. Failing to take their medication as prescribed may have 
resulted in less controlled asthma than reported (Chapman et al., 2017), as evidenced 
by the high levels of FeNO in studies 2 & 3 (Chapter 5 & 6). Additionally, 
participants who reported more severe asthma by medication step and adhered to 
their medication may have better controlled their asthma, essentially cancelling out 
effects which would have been expected. This would explain observations when 
trying to covary for asthma severity which showed the more “severe” sufferers to 
have results more similar to healthy peers than those with “mild” asthma. However, 
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these findings should be interpreted with caution as due to the sample size, splitting 
for severity potentially reduced the power of the statistics. In addition, due to the 
issues of assessing severity by medication step, the results are difficult to interpret. 
Although it has been documented that exercise can reduce severity (Andrade et al., 
2014), it was unable to be assessed using the healthcare utilisation questionnaire as it 
was poorly answered and was therefore only able to gauge an overall severity rather 
than how this changed with time. 
Although there was found to be no difference in fitness between those with and 
without asthma in this thesis, it may be speculated that because the intervention took 
place out of school hours; the more active, fitter adolescents could have been 
participating in competitive sport opting out of the intervention. Due to the 
perception that participants with asthma were limited by their condition (Chapter 4), 
even those with well-controlled asthma may not participate in school sport. 
Therefore, more conditioned asthma participants may be compared with healthy 
peers who were not trained. The use of objectively measured physical activity is 
essential when assessing an intervention, firstly to assess the compensation effect 
often observed in exercise interventions (Ridgers et al., 2018a) but also to assess the 
activity levels of the control participants. However, many of the participants were 
non-adherent and therefore the monitors were not worn or lost, hindering the results 
of study 2 (Chapter 5) and meaning that study 3 (Chapter 6) was unable to include 
the measure. It also meant that the activity level of the control participants was 
unknown and therefore they could have been more active than their intervention 
peers, masking the potential effect of the HIIT intervention.  
Finally, the study also utilised the number of 20-metre shuttle runs used as an 
estimate of fitness, however the sub-sample measures were conducted on a cycle 
ergometer which may have resulted in a lack of commonality in the muscles used. 
The cycle ergometer was used for pragmatic reasons, such as ensuring that the 
exercise intensities were easily adjusted and for monitoring of heart rate which often 
dropped out using a treadmill. However, as the intervention consisted of body weight 
bearing land-based exercises, the ecological validity must be questioned, especially 
when assessing the V̇O2 kinetics.  
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8.3 Implications for future research  
Although fear of an asthma attack was found to be a major barrier to exercise in 
adolescents with asthma, it was established that participating in exercise was one of 
the favourite activities, demonstrating promise for future inclusive exercise 
interventions. There is, however, a need for further education on the health benefits 
exercise provides for adolescents with asthma (Haughney et al., 2004). Indeed, as 
outlined in study 1 (Chapter 4), only 23% with and 18% without asthma were aware 
of such benefits of exercise. Further education could also be given to their healthy 
peers as a way to reduce stigma. Furthermore, adolescents with well-controlled mild 
asthma are able to participate in HIIT and be as fit as their peers. However, further 
research is required for adolescents with less-controlled, more severe asthma with 
regard to HIIT in addition to research in asthma to understand the optimal type, 
duration and frequency of exercise intervention.  
The results of the thesis suggest that because adolescents with asthma “learn” they 
cannot participate in as much exercise as their peers (Chapter 4), it may lead to a 
sedentary lifestyle which carries forward into adulthood. Indeed, research in adults 
has shown asthma does have a deconditioning effect (Clark & Cochrane, 1988), and 
therefore there is a need to ascertain at what age people with asthma begin to become 
less fit than their peers. There is therefore a need for further research into exercise 
interventions which experiment with type, duration and frequency of exercise to 
maintain participation through to adulthood. This may be accomplished with a dose-
response longitudinal study starting in adolescence, to find the exercise intervention 
requiring the least input to improve asthma-related quality of life through an increase 
in fitness to adulthood. Previously, higher intensity exercise has been found to be 
associated with the greatest improvements in fitness, asthma control and quality of 
life in children with asthma (Wanrooij et al., 2014) and as HIIT has been found to be 
more enjoyable and less time consuming than constant-intensity exercise (Costigan 
et al., 2015), it should appeal to the young adult.   
Whilst the current study found HIIT to elicit significant improvements in peak V̇O2, 
it may be postulated that the study used an inappropriate testing modality to assess 
adaptations in the dynamic V̇O2 response. Whilst there is an associated age-related 
162 
 
decline in the V̇O2 kinetic response (Breese et al., 2010), the intervention was 
expected to have administered adaptations. Further work is warranted to conclude if 
exercise modality is important for differing exercise interventions which do not focus 
on specifically upper or lower body exercises. The use of a cross-trainer could have 
more closely assessed any adaptations which may have manifest in the whole-body 
HIIT intervention as the use of a cycle ergometer may not have had good 
transferability of training consisting of no cycling. Additionally or alternatively to 
confirm if the findings of the current thesis hold true that HIIT was able to offset the 
deleterious effects of maturation on the V̇O2 kinetic response, the same HIIT protocol 
could be delivered on a cycle ergometer.  
Research is required to determine the influence of asthma on the recovery V̇O2 
kinetic response from exercise. Recovery kinetics more closely reflect muscle 
phosphocreatine (Barker et al., 2008), a marker of oxidative capacity. As with the 
V̇O2 kinetic response to exercise, the recovery kinetics are sensitive to adaptations 
due to the hemodynamic and cardiopulmonary changes that occur during the 
recovery phase (Bar et al., 2007). Whilst no differences were found between 
adolescents with and without asthma in the V̇O2 kinetic response to exercise, 
differences could be manifest in the recovery stage with potential O2 delivery issues 
relating to the narrowing of airways and the aggravation of increased ventilation rate 
on asthma symptoms (Milgrom & Taussig, 1999, Wanrooij et al., 2014). Indeed, V̇O2 
recovery kinetics may be shown to improve in adolescents with asthma following an 
exercise intervention as increases in cardiorespiratory fitness may lead to an 
improved ventilator equivalent for a given exercise intensity below maximal 
exercise.  
Future studies should implement HIIT to maintain the levels of BMI in the 
adolescent populations of both those with and without asthma and consider the 
longer-term benefits of increased fitness on quality of life and asthma control. 
Physical activity levels should also be monitored to find if the increase in time spent 
in vigorous physical activity in the HIIT sessions alters the patterns of adolescents’ 
overall activity; specifically if they have a compensatory reduction in activity outside 
of sessions (Ridgers et al., 2018a). As the current thesis struggled with participant 
wear time, the use of another previously validated more appealing monitor should be 
163 
 
used to aid in adherence (Ridgers et al., 2018b). Furthermore, future studies should 
aim to implement inclusive HIIT interventions with greater numbers to maximise the 
possibility of uncovering significant effects on asthma control and quality of life.   
In addition to formative research, future studies should consider pilot interventions to 
increase adherence. Furthermore, interventions that can be based around the school 
curriculum may be the way forward, increasing participation, as study retention for 
adolescents before and after school has been shown to result in a large dropout due to 
other commitments. Additionally, an intervention which is curriculum based and 
within school hours would also be able to target those adolescents who originally did 
not sign up to the study. Working with physical education staff to ensure future 
interventions fulfilled curriculum requirements could enhance physical education 
lessons and may also reduce the burden of teaching somewhat possibly increasing 
school recruitment.   
One potential reason for the lack of difference in fitness between adolescents with 
and without asthma, may be the use of medication to control their asthma, effectively 
“normalising” their condition. Future research could establish the fitness differences 
between newly diagnosed adolescents with asthma, or those who do not take their 
prescribed medication. Furthermore, future research should aim to establish a more 
robust method to evaluate severity of asthma, instead of relying on medication step. 
Advances in severity evaluation will aid in the assessment of asthma throughout an 
exercise intervention. Finally, further research is also required for the novel 
phenotypes of asthma that have been recognised, such as the exercise asthma and 
obesity asthma phenotypes; in addition to a potential phenotype relating to a lack of 
fitness or physical activity. Moreover, if said phenotype exists, is it able to be 
modified, and if so, can this be done by influencing one parameter, be it BMI, fitness 
or physical activity? Additionally or alternatively, would all factors require altering 
for any modification to be manifest?  
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8.4 Conclusion 
In conclusion, work within this thesis has shown that although there was a general 
perception that adolescents with asthma are limited with regard to exercise, this is 
not the case as  asthma, albeit mostly mild in the study, does not inhibit fitness in 
adolescents. Additionally, although adolescents with asthma fear asthma attacks 
caused by exercise, participating in exercise is still one of their favourite activities, 
showing promise for future interventions aimed at improving outcomes for those 
with asthma. Adolescents without asthma out-performed asthma participants in the 
field-based estimate of fitness, although this may have been related predominately to 
peer-influence based on perceptions. Indeed, when evaluating laboratory-derived 
fitness there were no differences in the four parameters of cardiorespiratory fitness 
between adolescents with and without asthma. Irrespective of condition, 
cardiorespiratory fitness was weakly correlated with quality of life and therefore 
improving fitness may aid in the management of asthma through a non-
pharmacological treatment. The HIIT intervention implemented was able to maintain 
BMI and elicit significant improvements in peak V̇O2 irrespective of asthma, 
suggesting the condition does not influence trainability. However, V̇O2 kinetic 
responses remained unchanged throughout the intervention, possibly reflecting an 
attenuation of the typical age-related decline or due to modality differences. As there 
were no asthma attacks during the intervention, HIIT may be considered safe in 
adolescents with mild, well-controlled asthma.  
Although, the HIIT intervention elicited no improvements in asthma-related quality 
of life and control, it may be suggested that an improvement in fitness could result in 
improvements over a prolonged period of time. Finally, if the results and future 
recommendations from this thesis are taken forward, education can be implemented 
into the benefits of exercise for adolescents with asthma. This may encourage 
adolescents to engage in life-long activity resulting in adults with a lower BMI, 
higher fitness and potentially better controlled asthma and a subsequent improved 
quality of life. Indeed according to the present thesis, HIIT represents an affordable, 
accessible, non-invasive and enjoyable form of asthma management.  
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